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Tranſlator's Preface. 


HE ſeveral Editions which 
Dogz this Treatiſe has paſſed thro), 
both in French and Latin, 
are a ſufficient Teſtimony 
how acceptable and uſeful 
ic has been to the World, 
and a juſt Apology for my 
2 tranſlating it into Engliſh. I ſhall not 
therefore trouble the Reader with any par- 
# ticular Account either of the Excellency of 
the Subject, the Abilities of the Author, or the 
Method he has proceeded in, but refer them 
all to be judged of by the Book it ſelf: Only 
as to the Notes the Reader is deſired to take 
Notice, that therein is a full Anſwer to ſuch 
Objections made againſt the Author as ſeem 
not to have any juſt Foundation, and a great 
many Things in Natural Philoſophy, which 
have been ſince found out by the Pains and 
Induſtry of later Philoſophe.s, are here ſe- 
lected from the beſt Writers; and there are 
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alſo ſeveral Things added out of the Obſer- 


vations of the ancient Writers of Natura] 
Philoſophy and Natural Hiſtory, where they 
ſeemed further to explain and illuſtrate Mat- 
ters. Inall which, to avoid Reperition, Gra- 
titude demands that the Reader ſhould know 
that there are a great many Things owing to 
the learned and induſtrious Dr. Laughton, and 
to the Reverend Mr, Morgan. The former 
of which communicated a great many Things 
diſperſed throughout the whole Book, and 
corrected Abundance of Errours: And fix 
whole Diſſertations are owing to the latter, 
viz. Thoſe concerning the Laws of com- 
municating Motion in elaſtict Bodies; The 
Explication of the Forces of the mechanick 
Powers, which are contained in this firſt 
Part; and thoſe concerning the Celerity with 


which heavy Bodies deſcend; the Motion of i 
Projectiles; the Motion of Pendulums ; and 


that concerning the Rainbow ; which are con- 
tained in the following Parts. 


T HE fourth Part of this Work is bur 
ſhort, and not very perfect; wherefore it is 


thought more adviſeable to refer the Reader | 


to later Writers of Anatomy who have hand- 
led that Subject clearly and fully, than to 
tranſcribe ſo many Particulars. I hope the 


Whole will be agreeable and acceptable. 
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SPE H E Treatiſes of Natural Phi- 
PO) A loſophy which have hitherto 
7 1 been publiſhed, being pretty 
20. much alike, both as to the 


5 72 "x 
OES<IS Matter of them, and the Man- 


ner of handling them; It is 


| eaſy for me to foreſee, that amongſt thoſe 
= who read This, there will be a great many 


who will be at firſt ſurprized at the great 


Difference there is between this Treatiſe and 
others. To prevent therefore in ſome Mea- 
ſure this Surprize, and to give what Satis- 
faction I can in this Matter, I think my ſelf 
= obliged to give an Account of the Obſerva- 
tions which I have made upon the Philoſo- 


phy of the Ancients, and of the Method 


which I have taken in this Work. 


I'n, reflecting upon the different Effects of 


1 Time, I have long ſince obſerved, how fa- 


vourable it is to ſome Things, which it 


is continually advancing to Perfection, and 
XZ how pernicious it is to others, ſo as to 
# {trip them of thoſe Beauties and Graces 
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which they had at their firſt Riſe; and I 
always concluded that Arts and Sciences can- 
not be of the Number of theſe latter, but 
that Time is ſo far from being prejudicial to 
them, that on the other Hand it is very ad- 
vantagious. For as a great Number of Per- 
ſons who cultivate the ſame Art or Science 
for ſeveral ſucceeding Ages, add their own 


Induſtry, and their new Light to the anci- 


ent Diſcoveries of thoſe who went before 
them, it is impoſſible but that ſuch an Art 
or Science muſt receive great Improvement, 
and arrive nearer and nearer to its utmoſt 
Perfection. ; 

AND thus I ſaw that Mathematicks did 


really increaſe by little and little in this 


Manner; as it is eaſy for any one to be con- 


vinced of, who conſiders only the vaſt Pro- 


greſs that hath been made by the great Ge- 


nius's of our Time, who have excelled all 


others in this Particular, and ſurmounted F# 


ſuch Difficulties as the moſt Learned in for- 


mer Ages confeſſed they were not able to 


folve. I faw alſo that moſt Arts were per- 


tected by Time; Workmen every Day find- 1 


ing out a Multitude of curious Inventions, 
which are not ſo much eſteemed as they 
deſerve, becauſe they are very common, 
and we do not enough take Notice of 
them. Though amongſt thoſe Engines which 
are employed in making Things of common 
Uſe, there is One that has been lately in- 
vented, which has in it ſo much Contri- 


vance, that this ſingle Thing deſerves to be 
more 
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more admired than all the Inventions of 
Antiquity. , 5 

BuT when I came to conſider Philoſo- 
phy, particularly Natural Philoſophy, I was 
very much ſurprized to fee it ſo barren as 
not to have produced any Fruit ; in ſo much 


= <that twenty Ages have paſſed, without any 


new Diſcovery made in it. 

H owEveR, I could not perſuade my 
ſelf, that the Study of Natural Things was 
neglected, becauſe it was thought to be of 
no Uſe; for Health has always been eſteem- 
ed one of the chief Bleſſings of Life, and 
no one can be ignorant, that Phyſick, the 
ſole End of which is to maintain and re- 
ſtore Health, is built upon Natural Philo- 
ſophy. | 

Nok could I ever perſuade my ſelf, that 
thoſe who improved this Science were leſs 
ingenious, than common Artiſts: For we 
find by Experience that in Families where 
there are a great many Children, when they 
come to make choice of their Profeſſions, 
thoſe of them which have the quickeſt Ge- 
nius, are appointed for Study, or volunta- 
rily incline themſelves to it; and thoſe only 
whoſe Underſtanding is not fo. good, apply 
themſelves to the mechanical Arts, and are 
contented with their Lot. 

HeREvPon I ſuſpected, that perhaps 
the Knowledge of Natural Things was a- 


| bove the Reach of humane Underſtanding, 


ſo that it was in vain to labour to atrain thar 


# which is beyond our Capacity: but when I 
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conſider d the ſurprizing Things done by 
ſome Philoſophers of our own Age, who 
within forty or fifty Years have found out 
Things which were looked upon as molt dif- 
ficult, and which ſome have doubted, whe- 
ther ever they could be found out at all; I 
immediately caſt off this Suſpicion. 

So that I was forced to conclude, that 
the Manner of philoſophizing, was the 
Thing that had hitherto been miſtaken, and 


that the Errors Fherein which have been in- 


troduced, being ſuch as no Body had any 


Hopes of finding out a Remedy equal to, 
were a certain Bar to hinder the Approaches 
towards Truth. I ſet my ſelf then to en- 
quire wherein the Manner of their treating 
Philoſophy was defective ; and after having 
examined with the greateſt Diligence poſſi - 
ble, what the Method has been from the 
Schools of the Athenians down to this very 
Time ; there ſeemed to me to be four Things 
blameable in this Matter. 

Firſt, Tu E two great Authority that hath 
always been given to the Ancients in the 
Schools: For beſides that this prodigious 
Difterence which is put between them. and 
the Moderns, 1s without the leaſt Founda- 
tion; (for Reaſon, is to be found in every 
Place and every Age;) it is certain that ſuch 
a blind Submiſſion to the Opinions of An- 
tiquity, is the Cauſe why Perſons of the 
greateſt Genius, (receiving ſuch Opinions for 
true without conſidering them, when per- 
haps they may be falſe,) have not an Op- 
| | portunity 
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portunity of knowing the contrary Opini- 
ons, nor conſequently of finding out all 
thoſe other Truths that depend upon thoſe 
which ſo fatal a Prejudice has hindred them 
from ſecing. And further, this ſtrong Per- 
ſuaſion of our being ſo much inferiour to 
the Antients, cauſes in us a Kind of Slug- 
giſhneſs and Diffidence, which hinders us 
from attempting to enquire into any Thin 
at all. We imagine that Reaſon is limited 
at the Place where they ſtopped, and that 
all is done that can be done humanely 
ſpeaking, if we go as far as they went, 
Thus the greateſt Genius's contenting them- 
ſelves with going over the Reaſonings of the 
Antients, don't exerciſe their own Reaſon 
at all; and though they be never ſo capable 
of finding out any Thing themſelves, they 
contribute no more to the advancing Natural 
Philoſophy, than if they had not meddled 
with it at all. | 

I s Ax nothing particular of that Vene- 
ration which had been paid to Ar:ftotle, 
though ſometimes it has riſen to ſuch an Ex- 
ceſs; that to alledge that he ſaid ſuch a 
Thing, was ſufficient to make any One not 
only to doubt of what his Reaſon convinced 


bim, bur even to condemn it. I ſhall only 


= make this Obſervation; that the Imagination 


which a great many have had, that He knew 
all that could be known; and that all Sci- 
ence was contained in his Books, hath 
cauſed the greateſt Part of the beſt Philoſo- 
phers ſince to apply themſelves in vain to 


read 
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read his Works, to find out in them what 
was not there, and what they might perhaps 
otherwiſe have found out by their own In- 
genuity. But if there have been ſome who, 
not being quite ſo zealous as others, did 
not hope to reap ſo very much Fruit from 
reading him ; yet it always happened that 
the Defire of recommending themſelves by 
explaining thoſe Places which he left ob- 
ſcure (on purpoſe, as fome think, or elſe 
for want of better Light) hath made them 
employ their whole Strength of Mind, and 
all their leiſure Time, to very little Purpoſe, 
in writing Comments upon his Philoſophy, 
without promoting the Science at all: For 
thoſe who have undertook to explain Arif 
totle; have underſtood him ſo differently, 
thar there are an infinite Number of Places 
which all the Schools are divided about ; 
And if there be ſome few in which they 
have agreed, it is becauſe the Notions con- 
rained in them were fo common, that very 
few Perſons were ignorant of them. So that 
they took more Pains to ſtudy Arifletle than 


they did to ſtudy Nature, which perhaps is 


not near ſo myſterious as He. There are a 
Multicude of Things which Nature plainly 
declares to thoſe who apply their Mind 
thereto. But alas, this is not the Cuſtom, 
we had rather hearken to Ariſtotle and the 
Antients; and this is the Reaſon why we 

make ſo little Progreſs. 
AN OTHER Thing which hinders the 
Progreſs of Natural Philoſophy, is the Treat- 
iog 
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ing thereof in a Manner too metaphyſical ; 
and the Diſputing about Queſtions ſo abſtract 
and general, that though all Philoſophers 
were agreed in their Notions of them, yet 
they would nor help to explain the leaſt 
particular Effect in Nature; whereas every 
uſe ful Science ought to deſcend immediately 
to Particulars. For Inſtance, what good do 
thoſe long and nice Diſputes do, about the 
Diviſibility of Matter? For though it could 
not be accurately determined, whether it be 
infinitely divifible or no; it would be ſuffi- 
cient to know, that it can be divided into 
Parts ſmall enough to ſerve for all Purpoſes 
that can be. | 2 
I T is very uſeful, without doubt, to find 
out the Nature of Motion in general. And 
it may not be very improper to examine. a 
little whether it be well or ill defined thus, 
The A of a Being in Power, ſo far forth 
as it is in Power, But we ſhould not ſpend 
too much Time in determining this, and 
ſuch like Queſtions ; 1 ſhould rather think, 
that after having conſidered a little the true 
Nature of Motion in general, we ſhould 
ebe and diſtinctly exainine all the 
roperties of it, ſo that what we affirm 
concerning it, may be applied to ſome Uſe; 
In a word, I think we ſhould carefully 
enquire into the Cauſe why Matter pro- 
duces ſuch a particular Effect rather than 
any other, and not accuſtom ourſelves to ſay 
that it is the Effect of a certain Quality; for 
irom hence it is that we are led to give 
Words 
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Words inſtead of Reaſons, and hence ariſes 
that ſenſeleſs Vanity of thinking that we 
know more than others, becauſe we know 
Words which the common People don't 
know, and which indeed have no deter- 


| minate Meaning. To fay the Truth ; it 
| 0 ſhows a mean Spirit, and one that is ſoon 
N 0 5 
[| fatisfied ; to believe that we know more of 3 
| Nature than other Men, becauſe we have 
lf learn'd that there are occult Qualities, ang 
il can give a General Anſwer to all Queſtions MF ' 
{i propoſed to us concerning the different 
Effects of Nature. For what Difference is 
| [ there in the Anſwer of a Plowman and a 
9 Philoſopher, if they are both asked, whence i - 
fil is it, for Inſtance, that the Loadſtone at- 
4 tracts the Iron, and the one anſwers, that 
1 he does not know the Reaſon of it, and the 
4 other ſays, it is done by ſome Vertue or oc- = - 
| cult Quality? Is not this in plain Engliſh, to 
1 ſay the ſame Thing in different Words? and 
N | is it not evident, that all the Difference there 3 . 
U is bet wixt them is only this, that the one is 5 
ſo honeſt as to confeſs his Ignorance, and tF * 
. the other has the Vanity to endeavour to con- { 
| ceal his? = * 
A THIRD Defe& which I have found in 
the Method of Philoſophers, is, that ſomne © 
of them are wholly for Reaſoning, and de- 
pend ſo much upon the Strength of their t 
Arguments ( eſpecially if they be borrowed IF © 
from the Antients) that they judge it ſuper- Þ n 
=_— fluous to make any Experiments. Others on il © 
nn the contrary, quite rired with ſuch tedious | : 
= Arguments, | 
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Arguments, the greateſt Part of which are 
not concluſive, or are nothing to the Pur- 
poſe, think every Thing ought to be redu- 
ced to Experiment, and that there ſhould be 
no Reaſoning at all. Burt both theſe Ex- 
tremes do equally hinder the Progreſs of Na- 
tural Philoſophy. For they who fall into 
the firſt of theſe Errors, hinder themſelves of 
the beſt Means of finding out new Diſco- 
veries, and of confirming their own Argu- 
ments likewiſe; And they who fall into the 
ſecond, by depriving themſelves of the Li- 
berty of drawing Concluſions, hinder the 
Knowledge of a large Train of Truths, 
which may many Times be deduced from 
one ſingle Experiment. Wherefore it can- 
not but be very advantagious to mix Expe- 
riments and Arguments together. For Rea- 
ſoning perpetually, and upon ſuch general 
Things only as are ordinarily argued about, 
without deſcending to Particulars, 1s by no 
Means the Way to attain any very exten- 
five or very certain Knowledge : Thus we 
ſee the ſame Things continually bandyed 
about, and no new Diſcoveries made ; nay, 
we are not very ſure of the old ones, as 
general as they.are. We ſee alſo that they 
who confide moſt in thoſe Arguments which 
they believe to be Ariſtotle's, are in perpe- 


tual Diſpute, and that they contend for Opi- 
X nmons which are directly contrary to one 


another, without being able to convince 
thoſe of the other Side by their Arguments. 
And this plainly ſhows how little Certain- 
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ty or Evidence there is in their bare Rea- 
ſoning. 

EXPERIMENTS therefore are neceſſary 
to eſtabliſh Natural Philoſophy ; and this 
was a Thing which Ariſtotle was ſo fully 
convinced of, that the Reaſon why he 
thought that very young Perſons ſhould not 
apply themſelves to the Study of Natural 
Philoſophy, was, becauſe at that Age they 
are ſo little acquainted with Things, as to be 
unable to have made many Experiments ; and 
on the other Hand he was of Opinion, that 
they were then moſt capable of receiving 
Mathematicks, becauſe this Science conſiſts 
of meer Reaſoning, of which the Mind of 
Man is naturally capable, and does not at all 
depend upon Experiments. 

Br on the contrary to reject entirely all 
Reaſoning, in order to do nothing but 
make Experiments, 1s to run into another 
Extremity much more prejudicial than the 
tormer. For this is wholly to diſcard Rea- 
ſon, and yield all up to Senſe, and to con- 
tract our Knowledge into a very narrow 
Compals ; for by Experiments we can come 
ro the Knowledge of groſs and ſenſible 
Things only. Wherefore if we would pro- 
ceed rightly in our Enquiries into natural 
Things, we mult of Neceſſity mix theſe two 
Means of Knowledge together, and join 
Reaſon with Experiments. 

AN D that we may the better ſee the good 
Effects of theſe two when joined together, 
and the Uſe that may be made of them, 

to 
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we may obſerve that there are three Sorts 
of Experiments. The firſt 1s, to ſpeak pro- 
perly, only the mere ſimple uſing our Senſes; 
as when accidentally and without Deſign, 
caſting our Eyes upon the Things around 
us, we cannot help raking Notice of them, 
without thinking of applying what we ſee 
to any Uſe. The ſecond Sort is, when we 
deliberately and deſignedly make Tryal of 
any Thing, without knowing or foreſeeing 
what will come to paſs; As when, after the 
Manner of Chymiſts, we make Choice of 
firſt one Subject and then another, and make 
all the Tryals we can think of upon each of 
them, and carefully remember what we 
have at any Time found to ſucceed, and 
the Manner in which we arrived at any 
certain Effect, in Order to apply the ſame 
Means another Time to produce the ſame 
Effect. We alſo make Experiments in this 
ſecond Way, when we go amongſt diffe- 
rent Sorts of Workmen in Order to find 
out the Myſteries of their Arts, as Glaſs- 
makers, Enamellers, Dyers, Goldſmiths, and 
ſuch as work different Sorts of Metals, and 
ro obſerve how they prepare their Materials, 
and how every one of them afterwards work 
upon thoſe which belong to them. Laſtly, 
The third Sort of Experiments are thoſe 
which are made in Conſequence of ſome 
Reaſoning in order to diſcover whether it was 
juſt or not. As when after having conſidered 


the 
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=_ the ordinary Effects of any particular Sub- 
j je, and formed a true Idea of the Nature 


| of it, that is, of That in it which makes it 
1 capable of producing thoſe Effects; we come 
| to know by our Reaſoning, that if what 
| we believe concerning the Nature of it be 
| true, it muſt neceffarily be, that by diſ- 
N poſing it after a certain Manner, a new 
| Effect will be produced, which we did not 
| before think of; and in Order to ſee if this 
Reaſoning holds good, we diſpoſe the Sub- 

ject in ſuch a manner as we believe it ought 
if ro be diſpoſed in Order to produce ſuch an 
| Effect. | 
Now it is very evident that this third 
Sort of Experiments is of peculiar Uſe to 
Philoſophers, becauſe it diſcovers to them 
the Truth or Falſity of the Opinions which 
they have conceived. And as to the two 
Il foregoing ones, though they be not altoge- 
i! ther ſo excellent, yet they - ought not to be 
ll wholly rejected as of no Uſe to Natural 
Philoſophers. For beſides that their Know- 
5 ledge is continually enlarged by them, they 
1 re alſo the Occaſion of making the firſt 
2 Eonieatures concerning the Nature of thoſe 
\} Subjects which Natural Philoſophers are con- 
4 verſant about; and preſerve them from 
1 ſome falſe Notions they might otherwiſe * 
perhaps have entertained. Thus, for In- 
ſtance, we might have concluded in general, 
that Gold contracts and condenſe; every Thing, 
= if we had not diſcovered by Chance or 
= other- 
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Z otherwiſe, that there are Things which are 
= dilated by Cold. 

Tu ꝝ fourth Defect that I obſerved in the 
Method of Philoſophers, is the neglecting 
2 Mathematicks to that Degree, that the very 
firſt Elements thereof are not ſo much as 
taught in their Schools. And yet, which I 
very much wonder at, in the Diviſion which 
they make of a Body of Philoſophy, they 
never fail to make Mathematicks one Part 
of it, 

Now this Part of Philoſophy is perhaps 
the moſt uſeful of all others, at leaſt it is ca- 
pable of being apply'd more Ways than all the 
| others: For beſides that Mathematicks teach 

us a very great Number of Truths which may 
be of great Uſe to thoſe who know how to 
apply them: They have this further very 
conſiderable Advantage, that by exerciſing the 
Mind in a Multitude of Demonſtrations, they 
form it by Degrees and accuſtom it to diſ- 
cern Truth from Falſehood infinitely better, 
than all the Precepts of Logick without 
Uſe can do. And thus they who ſtudy Ma- 
thematicks find themſelves perpetually con- 
| vinced by ſuch Arguments as it is impoſſible 
to reſiſt, and learn inſenſibly to know Truth 
and to yield to Reaſon; inſomuch that if in- 
e ſtead of neglecting them, as is uſually done; 
it were an eſtabliſhed Cuſtom, to make Chil- 
1 dren apply themſelves to chis Science at firſt, 
- 2 and to improve them in theſe Studies as much 
gas we do in others; it would be of vaſt Uſe 
do hinder them from contracting that invin- 
b cible 
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cible Obſtinacy in their Opinions which we 
ſee in the greateſt Part of thoſe, who have 
compleated their Courſe of Philoſophy; ; who 
probably would not have fallen into ſo per- 
nicious a Temper of Mind, if they had been 
accuſtomed to, and familiar with convincing 
Truths ; and not ſeen thoſe who maintain in 
publick any Doctrine whatever, continually 
triumph over thoſe who endeavour to ſup- 

port the contrary; ſo that all Things ſeem 
to them only mere Probabilities. They do 
not look upon ſtudying as a Means to diſco- 
ver new Truths, but only as a Piece of Wit 
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to exerciſe themſelves ; in, the only End of 


which is ſo to confound Truth with Falſe- 
hood by Means of ſome ſubtle Diſtinctions, 
that the one or the other may be equally 


maintained, without ever being compelled by 
any Reaſons to yield, let the Opinion they 


defend be never ſo extravagant. 
this is the Event of all publick Diſputes, 


where very often Opinions directly contrary 
to each other, are by Turns propoſed from 
the fame Chair, and equally triumphed in, | 
without making Matters at all clear, or eſta- 7 


bliſhing any Truth thereby. 

Bor the great Advantage that natural 
Philoſophers have from Mathematicks in par- 
ticular, is, that they are thereby accuſtomed 
to the viewing of Figures, and enabled to 
underftand the different Properties of them, 
I know it is here objected by ſome, that we 


ought not to ſtop at Figures, becauſe they 
But though they are not 
active 


are not q ive. 


And indeed 
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ative in themſelves, yet it is certain not- 
withſtanding that their Differences make Bo- 


dies, which we put into Action, capable of 


certain Effects, which otherwiſe they eould 


not have produced. Thus a Knife by having 


an Edge ſet upon it becomes capable of cut- 
ting, which before it was not; and Work- 
mens Tools, by their different Figures, are. 
fitted to produce thoſe different Works which 
are made by the Help of them. And if the 
Figures of Bodies which come under our 
Senſes are ſo neceſſary to the Effects which 


they produce, it is reaſonable to think that 


the moſt imperceptible Parts of Matter, ſee- 
ing they have every one a certain Figure, 


are alſo capable of producing certain Effects 


; in Proportion to their Bigneſs, like thoſe 
which we ſee produced by the groſſeſt Bo- 


dies. 


Bur not to enter too far into Particulars 


concerning the great Uſe of Mathematicks, 
= Is it not enough to put us upon applying 
= ourſelves more to them than we have hitherto 
= done, to conſider, that tis by their Means 
that the modern Philoſophers have diſcovered 


all that is excellent and peculiar in natural 
Philoſophy? And alſo that it is by the Help 
of Mathematicks, that the moſt celebrated 
Artiſts in every Age have made all thoſe no- 
ble Diſcoveries, the Uſe of which is ſo ad- 


vyantagious to us at this very Time, and which 


+ make all the Variety of Arts and all the 
Conveniencies of Life. It may be ſome may 
think on the contrary, that theſe very Artiſts, 
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the greateſt Part of whom it is very probable. 
have not much applied themſelves to this 
Science, will juſtify it, that it is not ſo ne- 
ceſſary as I would perſuade them. But here 
there are two Things to be conſidered: Firſt, 
that as there is a natural Logick in all Men, 
ſo is there alſo natural Mathematicks, which 
according as their Genius's are diſpoſed, make 
them more or leſs capable of Invention. Se- 
condly, Thar if their Genius alone, conduc- 
ted only by natural Light, will carry them 
ſo far, we cannot but hope greater Things 
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deed all the Propoſitions in Mathematicks are 
only ſo many Truths, which thoſe, who ap- 
ply themſelves to them, come to the Know- 


ledge of by good Senſe. And they who find 
themſelves naturally diſpoſed to it, do very 
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Manner how it was found our. 


Rank of Inventors who have met with ſome- 
thing by Chance which they did not ſearch 
after: As was the Caſe of that Workman 
who by cooling on a ſudden in the Water a 
Piece of Steel which he had heated red hor, 


y 


ill to negle& what others have before diſco- 
vered : For it is the moſt certain Way of 


ll 


finding out any Thing new, to know all that 
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has been before found out by others, and the 


from the ſame Genius if the Study of Ma- 3 
thematicks be added to its natural Light, 
than if that Study be neglected. And in- 
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HowEeveR, I don't put them upon the 


found it in a Moment very much harder than 
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it was before: It was without doubt a very 8 
lucky 


ak e rr n 1 8 


bw & kw Wu t% uf — „ — — 2 


2 


— 2 


The AurTHOR's PREFACE. 


lucky Thing to find out this Way of tempe- 
ring Steel ; but the Workman who had the 
good Fortune to hit upon it, does not de- 
ſerve the Name or Title of an Inventor; as 
a great many others do who are not be- 
holden to Chance for the Glory of their In- 
ventions: As for Inſtance, the Perſon who 
firſt invented a Fire-lock to a Gun; for ir 
is certain that this latter had the whole En- 
gine in his Head, if I may ſo ſpeak, before 
he made the leaſt Part of it, whereas the o- 
ther found out the Way of tempering Steel, 
by hitting upon a Thing, as was before ſaid, 
by Chance, which he did not ſearch af- 
ter. 

Laſily, THAT Mathematicks are of very 
great Uſe in the other Parts of Philoſophy, 
we need no other Teſtimony than that of the 
moſt celebrated antient Philoſophers, who 
not only ſpea k honourably of them in their 
Writings, but do alſo make uſe of them 
themſelves. It is ſufficiently known, that 
Plato cauſed it to be written over his School 
Door, That none but Geometricians ſbould en- 
ter in there. And they who have taken the 
Pains to read over the Works of Ariſtotle, 
have taken Notice of the ſeveral Applicati- 
ons he has made of Mathematicks in many 


Places; ſo that they who do not underſtand 


the Elements at leaſt, have no great Reaſon 
to boaſt of their being able to underſtand the 
Writings of this Philoſopher. 
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Tur more I confider theſe four Defects 
in the Method of Philoſophers, the more I 
find it impoſſible to come to the Knowledge 
of philoſophical Truths, without correcting 
them. . And this does not appear to me to 
be very difficult; for though 1 had made 
ſome Proficiency in Mathematicks, and aC- 
cuſtomed my ſelf to follow Reaſon rather 
than Authority, yer I did not find my ſelf 
ſuch a Lover of my own Reaſonings, as to 
neglect Experiments, nor ſo bent upon Ex- 
periments, as not to ſuffer my Reaſon to go 
beyond what they diſcovered. 

BuT though this was ſufficient to put me 
upon improving natural Philoſophy, and to 
make me hope that I might be able in ſome 
Meaſure to help forward the Progreſs of this 
Science; yet I obſerved a fifth Defect, not 
in the Method of thoſe who ſtudy Philoſo- 
phy, but in Chat of a great many who read 
their Works; which made me think, that 
to publiſh any Thing upon natural Philoſo- 
phy, was ſo far from being any Advantage, 
that it was but too much to expoſe one's 
ſelf. For that Averſion which is uſual a- 
gainſt ſuch Perſons, and that diſagreeable 
Manner in which thoſe who are uncapable 
of finding out any Thing themſelves, receive 
*he Writings of ſuch as attempt to exceed 
what is common, often hazard the Reputa- 


tion of the Author. For ſcarce can a Phi- 


loſopher preſent the Publick with any Fruits 
of his Studies, but ſome unknown Perſon 
who has a Mind to ſignalize himſelf, attacks 

them 
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them before he underſtands them. And 
hence come thoſe trifling Diſcourſes or Diſ- 
ſertations, for the moſt Part anonymous ones, 
which never fail immediately to appear, 
wherein are ſeldom any Thing elſe but Re- 
proaches and very low Jeſts; and not being 
able to overthrow Truths that are ſo firmly 
eſtabliſhed ; they try to turn them into Ri- 
dicule, by ſhowing that they are contrary 
to ſome antient Maxim or - popular. Error, 
which tickle the Ears of half-witted Peg- 
ple, who are accuſtomed to take Things 
without any Proof: And that which is very 
remarkable here, is, that theſe Writers for 
the moſt Part attack the Works of others 
only becauſe they think them contrary to 
Ariſtotle ; and yet becauſe they have read no- 
thing of this Philoſopher but only thoſe Ci- 
tations which they found in their philoſo- 
phical Lectures, it very often happens that 
the Thing which they thus attempt to con- 
fute, is what Ariſtotle himſelf has ſaid in 
expreſs Terms. We may ſafely affirm, that 
the Ancients did more Juſtice ro Men's La- 
bours, and without doubt it was in a good 
Meaſure owing to this, that Philoſophy 
made ſome Progreſs in the firſt Ages of it 
ſo far were they from ſuffering thoſe who 
had made any new Diſcoveries, to be cried 
down at a Venture and without any Reaſon) - 
every Body knows that there were publick 
Rewards appointed for ſuch ; even to have 
ſometime Statues erected to them; ſo firmly 
were they perſuaded in thoſe Times that Ho- 
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nour contributed moſt to the Invention of 


Arts. 


I T 1s true indeed, that this Maxim ſeems 
to be revived and re-eſtabliſhed in our Age. 
Vet though Princes have by their Authori- 


ty approved and favoured Arts and Scien- 


ces, the long Stiffneſs which they who 
ſtudied natural Philoſopy have in ſo ma- 
ny Ages contracted, have ſo accuſtomed 


them to reſt ſatisfied with what they recei- 


ved from their Predeceſſors, that the very 
propoſing any new Thing, is enough to ren- 


der both the Thing and him that propoſes it 


odious. Now to take away the Foundatt- 
on or rather the Pretence of this Averſion, 
ſuch Perſons ought to know, that this Re- 
proach of Novelty is generaily a great De- 
ceit: For if a Thing be true, it cannot be 
new, becauſe nothing is ſo antient as Truth, 
and it is the Diſcovery of the oppoſite Er- 
rour only that can be ſaid to be new. For 
Want of rightly diſtinguiſhing theſe two 
Things, we often ſee ſome Perſons crying 
out that we overthrow the Order of Np- 
ture, when we only overthrow a falſe O- 
pinion which they were prejudiced in. l 
though ſuch Sort of Perſons have not much 
Reaſon on their Side, yet the Credit /and 
Authority which they may have over orhers, 
is the Cauſe of their Exclamations always 
making an Impreſſion upon the Minds of 
a great many; and this muſt ever be diſa- 
greeable to thoſe who have no other De- 


ſign, 
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ſign, but to contribute to the Publick 
9 Good. | 

Wuax a Vexation mult it be to Dr. Har- 
* vey, for Inſtance, to ſee all his Life long, 
* how ill the Diſcovery he had made of the 
Circulation of the Blood, was received; 
the Motion of which was quite different 


£ from what the Ancients thought? Surely 


we cannot ſhow too great an Acknowledg- 


ment to a Man who had undeceived the 
World of an ancient Errour, and by the 
Truth which he eſtabliſhed, made us ſee as 
= clear as the Day, that almoſt all the Theo- 
ry of the Phyſick of the Ancients was falſe. 
But how many Enemies has this Doctrine 
got him inſtead of Thanks? I ſolemnly de- 


| clare therefore, that upon ſeeing what Li- 


berty is taken to oppoſe the beſt Things, 
becauſe the Misfortune of Mens having al- 
2 ways been ignorant of them, made them to 
be thought new; TI laid aſide the Thoughts 
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of ever entertaining the Publick with any 
Thing of my own, or what I learned from 


the Works of ſome modern Writers. But 
thus much I thought at leaft, that it was 
not impoſſible to advance a little further 


than is generally done in the Knowledge of 
Natural Things, if I carefully avoided fal- 
Wing into any of thoſe Defects which I ob- 

ſerved in the Method this Study was in at 

m_»_ And indeed having ſpent ſome 
ears in reading the Ancients and Moderns, 
put with a firm Reſolution not to follow 
them any further than I could ſee the Rea- 
4 {ons 
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ſons of each of them; it appeared to me 
that my Deſign was not entirely fruſtrated, 
But while I was thus inſtructing my ſelf by 
reading Books, and converſing with learn- 3 
ed Men, and thoſe that were excellent in 
any Art, I never laid aſide the Uſe of my 
Reaſon, but conſidered the ſeveral Subjects, 
and endeavoured always to ground my Rea- 
ſons upon mathematical Truths, and ſure 7 
Experiments. And ſo good Succeſs had I in 
carrying on my Deſign, that a great many 
of my Friends, whoſe Abilities all the World, 
I faw, had a great Value for, adviſed me 
to communicate it to others by publick Con- 
ferences, or at leaſt by private Converſation, i 
J muſt fay, that it was very difficult to per- 
ſuade my ſelf to this, becauſe I am diſtruſt- 
ful of my ſelf, and do nor think my ſelf 
Orator good enough to undertake to plead 
the Cauſe of Truth thus publickly. How]. 
ever, I ſuffered my ſelf to be over- ruled; 
and though I was ſentible I wanted a great 
many Talents, yet I ſubmitted to my Friends, 
who aſſured me, that if the: Things were 
plainly propoſed, and in a mathematical 
Way, they would be acceptable at leaſt to the 
beſt Judges. And indeed their Advice ſuc- 
ceeded : For theſe Conferences were not only 
agrecable, but it was wiſhed that the Sub- 
jects had been put down in Writing. And 
by conſenting to this Opinion of my Friends 
I perceived that I had inſenſibly wrote a 
Book; and becauſe there were ſo many Co- 
pies of it about, that it was become, as it 

| Were, 
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ne were, publick, and a great many Faults 
= llipp'd in, I reſolved to review it more ex- 
gactly, in order to perfect it as much as I 


n- Z could. They who read it over, will eaſily 
in ſee, that I have overlooked nothing that is 
ny good in the Ancients. 

ts, IHA taken all the general Notions 
-a- from Ariſtotle, either for the eſtabliſhing the 


Ire 1 Principles of natural Things, or the chief 
in Properties of them: And I have rejected 4 
ny Vacuum and Atoms, or Epicurus's indi viſible 


1 Particles, which I think are Things contrary 
me to what is firmly eſtabliſhed by Ariftotle ; 
n- and I have learnt of him to conſider with 
on 


the greateſt poſſible Care the different Big- 


er- gneſſes, Figures, and Motions of the inſenſible 
t- Parts of which ſenſible Things are compoſed. 
(elf And this I was the readier to do, becauſe all 
ead theſe Things have a neceffary Connexion 
W with, and Relation to the Diviſibility of Mat- 
d; rer, which I acknowledge with Ariſtotle, 


eat z who hardly reſolves any particular Queſtion, 
ids, without conſidering the Bigneſs, Figure, and 
Motion of the Parts of Bodies, and the Pores 
which are between them. But that which 
moſt of all determined me to this Conſidera- 


tion, was, that though there ſeems to me to 
pe a juſt Ground to doubt of the Truth of 


ub- = Qualities and Powers commonly aſ- 

\nd cribed to ſome Bodies, yet I do not think 

ads, that there is the ſame Reaſon to doubt of 

c their being compoſed of inſenſible Parts, or 

Co- that I can be deceived in affirming * 5 
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theſe Parts have their particular Figure and 


Bigneſs. 

BESID HS thoſe Aſſiſtances which I had 
from the Ancients, I have alſo collected a 
great many other Truths, from the moſt 
eminent modern Philoſophers, whoſe Names 
you may find in their Places. But the Per- 
ſon whom I have moſt of all made Uſe of pt 
in this Work, and whoſe Name I have not P: 
mentioned at all, to avoid perpetual Repeti- zh 
tion, is the famous Cartes; whoſe Merit, by © 
which he becomes more and more known to "| 
all the Nations in Europe, as he has long 
been to many of the principal States, will 
draw a Confeſſion from the whole World, 
that France 1s at leaſt as happy 1 in producing 4 
and educating great Men in all Sorts of Pro- 
feſſions, as ancient Greece was. F 

I n ave divided this Work into four Parts, 
The firſt treats of natural Bodies in general, 
and their principal Properties, ſuch as Di- 
viſibility, Motion and Reſt, of Elements, and 
of ſenſible Qualities, and I have particularly 
inſiſted upon explaining thoſe which relate 
to Seeing. And ] flatter my ſelf that upon 
this ſingle Subject I have collected more 
Truths into eight or nine Chapters than are 
contained in ſeveral large Volumes. which 
treat of Opticks, Dioptricks and Catropticks 2 
after the Manner of the Ancients. 

TE ſecond, treats of the Syſtem of the 
World, or of Col nography, wich I chought 
might prove more uſeful than the general 
Queſtions that are uſually propoſed in the 

common 
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ad common Books of natural Philoſophy, which 
are as it were Commentaries upon Aritotle's 
Books concerning the World. I have alſo 
treated of the Nature of the Stars and their 
Influences. And after having explained where- 
in Gravity and Levity conſiſt (which I could 
not ſpeak of in the firſt Part, not havin 
1 1 what was neceſſary,) I conclude this 
Part with explaining the Flux and Reflux -4 
* the Sea. 
> THE third Part is taken up in explaining 
the Nature of the Earth and of terreſtrial 
Bodies, that is, of the Bodies contained in it, 
or which ſurround it, as Air, Water, Fire, 
= Salts, Oyls, Metals, Minerals, and Meteors. 
3 Laſth, I # Av x endeavoured in the fourth 
Part to compriſe all that is hitherto, with 
any Certainty, known of the Animal, Body. 
On Thing perhaps will be obſerved in 
the Method I have taken vig. that I have 
| A been pretty long and particular, in explain- 
ing, in the firſt Part of this Book, all the 
= ſenſible Qualities, which Philoſophers uſually 
= explain, and that but briefly, at the End of 
© their Treatiſes of Philoſophy, in which they 
comment upon theſe Books of Ar:/totle's con- 
= cerning the Soul, The Reaſon of which is, 
© becauſe this reaches us to know ourſelves, 


cks I and becauſe hereby we are ſeaſonably freed 

from a. popular Errour, and a Prejudice 
the which we have entertained from/ our In- 
ght fancy, which I have known by Experience 
eral a great many never to have been able to get 
the rid of, not even after they have gone through 
aon | their 
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their whole Courſe of Lectures, but have 
brought back from the Schools thoſe Habits 
they carried thither, vg. the aſcribing their 
own Senſations to the Objects which cauſe 
them, and the conſidering theſe Senſations as 


Qualities in the Objects. 


FURTHER, you will not find a great 
many Things in this whole Treatiſe contrary 3 


to Ariſtotle; but you will find more than I 
could wiſh that are contrary to moſt of the 
Commentators upon him: And beſides this, 
you will meet with a great many Things, 


which neither Ariſtotle nor his Followers 
have treated of at all, which I have however 
judged more uſeful than many others which 
Philoſophers have wholly imployed them- 
ſelves in. And in all this I did not think it 
very ill in me to depart from ſome particu- 
lar Notions, when I found that theſe Notions 


were diſagreeable to Truth. 


Bor what has very much abated thoſe 4 
Scruples which I had about this Matter, is, 
that when I came to compare thoſe Places in 
this Treatiſe which are contrary to Ariſtotle, 
with the Writings of the publick Profeſſors 
of his Philoſophy, I could not find near {0 
many in my own Works as in the Works of 
others. And without enumerating the Par- 


ticulars, it is eaſy to be ſatisfied herein, if we 
do but conſider, that there is ſcarce any Queſ- 
tion in Controverſy, but one half of them 
draw Concluſions directly contrary to the o- 
ther half. Whence it follows, that we muſt 
neceſſarily find in the Writings of thoſe who 


profels 
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* profeſs to teach the Doctrines of Ariſtotle, as 


many Places againſt him as for him. 


Br though all the Philoſophers did " 


Z gree with each other and with Arifotle, I 

don't ſee that this Agreement of theirs ought 
to force me to be of their Opinions, nor that 
F 1 can pretend that J am obliged 


to follow them, in what I am fully perſuaded 
FE convinced they are in the wrong of. 
For fince it is the Cuſtom with them to pro- 
poſe the Matters which they treat of, in the 
Form of Queſtions, this very doubting Man- 
ner of theirs ſhows, that there 1s a perfect 
Liberty of taking that Side which we think 
to be moſt reaſonable. In what Manner my 
good Intentions will be received Time will 
ſhow. However, I am preparing a Latin 
Verſion for the Uſe of Foreigners, with 
whom I hope to meet with a favourable Re- 
ception. 
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CHAP: :;L 


The Meaning of the Word Phyſics, and the Man- 
ner of treating ſuch a Subject. 


HIS Word, Phyficks, ſtrictly ſpeaking, 1. The 
and according to the Etymology of it, fig- M9718 o 
nifies no more than Natural; but we here Phet. 
uſe it to ſignify the Knowledge of natural 
Things, that is, that Knowledge which 
leads us to the Reaſons and Cauſes of eve- 

Effect which Nature produces. 
2. But becauſe we muſt firſt ſtudy natural Philoſophy, 2. be ir 
before we can be certain whether there be any ſuch thing j — 
as Phyſicks or no; I ſhould not proceed in a proper Me- vient N- 
thod, if I ſhould here undertake to reſolve this —_ n 


VoI. I. B 


J 


" 
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0 I ſhall not therefore at all inſiſt on this, nor any other 


| Queſtions which are commonly called previous ones. We 

had better at firſt remain in ſome kind of Doubt about 

theſe ſort of Queſtions ; but ſuch a Doubt only, as ought 7 

Y not in the leaſt to hinder us from uſing our utmoſt En- 7 

3 deavours to acquire this Knowledge, and to obtain the End 

| propoſed, without neglecting any Thing, that may ſerve 7 
1 to illuſtrate the Truth, and explain the Effects of Nature. 

1 3- That the 3. One Thing we ought particularly to take notice of, 


= ee Y „ and that is, that all They who abr. themſelves to the 
5 nay be inju.. Study of Natural Philoſophy, are not Perſons utterly igno- 


ious, rant; for by their Converſation with learned Men, by 

reading of Books, by Experiments, and particular Obſer- 

vations, their Minds are filled with variety of Notions. 7 

But becauſe, perhaps, they have given too much Credit 

to the Reports of others, or perhaps have not throughly 7 

examined what they have received by their own Senſes, 

or have impoſed upon themſelves by falſe Reaſoning ; 

therefore we are not to think, that there is any great Ad- 7 

vantage to be had from that Knowledge which is got by 7 

theſe Means: On the contrary, it may be very injurious, 7 

i becauſe the Errors imbibed in our tender Age, before we 

could make a right uſe of our Reaſon, may cauſe us to 
fall into ſtill greater ones. 


| 4 ow 4. Wherefore if we would proceed regularly, we muſt 
] 4 dc. lay aſide all our old Prejudices, and reject them as falſe ; 
mined. not that we are immediately to embrace the contrary O- 


pinions as true, but only ſo to diſpoſe our Minds, as to 
i give Credit only to thoſe Things which we have through- 
4 ly examined; and to begin natural Philoſophy at the ver 
1 Beginning. But ſeeing this is a very difficult Task, and 
| it is hard to bring our ſelves to it, becauſe we eaſily per- 
i ſwade our ſelves, that amongſt the Errors that have pri- 
vately crept in, there have been alſo a great many Truths, 
which ought by no means to be rejected; we will there- 7 
| fore go in the common Method, and retaining as many 
| of our antient Opinions as we can, we will endeavour 
1 to lighten that Burden which cannot but be very heavy. 


of And we muſt be very unreaſonable indeed, if we will not _ 
ll review our old Notions, and ſubmit them to a freſh Exa- 2 
i! mination, : 2 
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Chap. 2. of NATURAL PHilosOPHy, 3 


CH AP. ll. 


4 An Examination of the Notions that precede the 


Study of Natural Philoſophy. 


4 x Þ HE Notions which precede the Study of Natural 1. 2: 


© For firſt, we 
the World; and from hence we think we know, at leaſt comprebend- 


tural Philo. 


N may be reduced to two general Heads. % a- 
now that there are Things really exiſting in ſphy may: be 


in part, what they are, Theſe two Conſiderations are 22 


: - principally to be attended to, that our propoſed Exami- 


nation may be as univerſal as poſſible. Let us firſt ſee 

what Motives there are to induce us to believe, that there 
are certain Things really exi/ting in the World; and then 
let us ſee what Reaſon we have to believe them to be ſuch 
as we judge them to be. 


2. And to begin with our own ſelves; we know by ex- 2. How we 


F perience, that we are capable of diverſe Thoughts, which © * the 


cannot be in us, but they muſt be perceived. The Idea 


Knavledge 
of cur own 


of Exiſtence is one of theſe Thoughts; and our natural Rea- Exiſtence, 


© ſon teaches, that Nothing can have no Properties, and that 


= what thinks, muſt exiſt. Hence it is plain how we come 


by the Knowledge of our own Exiſtence. For every Man 


muſt neceſſarily reaſon in this manner: I think; that 
which thinks muſt of neceſſity ex:/? ; therefore I exi/t. 


3. A Man who comes to the Knowledge of his Exiſt- 5.7at our 


= ence in this manner, knows himſelf only to be ſomethi Mind 1 
that exiſts, the Idea of which does not exclude Extenſion ;,,,., van 


ſooner tban 


in it. It is true, he may have an Idea of a Thing extended on Body, 


x 1 into Length, Breadth, and Height; but becauſe this Idea n bes 


theſe are two 


does not at all include Thought in it, the Thing that thinks, ,,z1y di- 
and the Thing that is extended, are to be looked upon as fiin#Thingre 
two Things really different from each other; and there is 
no Reaſon hitherto for ſuch a Perſon to think himſelf an 


extended Thing. And becauſe That which thinks, which 
is in us, which we know before all other Things, which 


= we imagine not to be extended, is what we call our Soul 
or Spirit, and That which we conceive to be extended in 
= Length, Breadth, and Height, and to which we imagine 
Thought does not belong, is what we call our Body; it is 


evident, that our Soul or Spirit is known to us ſooner than 
our Body. 
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; = + As to thoſe Bodies of which the World is compoſed, 
awe no otoer 


(amongſt which our own is to be reckoned) it is certain 
knowledpe of 1 | 

the Exiſtence We cannot know that they exiſt, but by the different Ways 
of thoſe Bo- of Knowledge which are in us; and in order to know if we 


—_— have made a right Uſe of them, we will here conſider each 


4. Wat we 


compoſed, of them diſtinctly. + | - 
but by tie F. The different Ways of Knowledge that are in us, 
_—_— may all be reduced to theſe Four: viz. Perception, Fudge- 
trewirg ment, Reaſon, and Senſation. m_ 
bf ae 6. By Perception is meant ſimple Apprehenſion, or the 
* whar ſimple Idea which we have of Things, without affirming 
theſe Way: or denying any thing concerning them; whether this Idea 
= raiſes any Image in our Minds, and ſo is called Imagina- 


6. What is Lion, or raiſes no Image, and ſo has only the general Name 
meant by of Perception given to it. Thus when we here the Word 
ah %. Tree, the Idea which we then form in our Minds, is an 
un. Imagination; but when we ſpeak of a Thing which can- 
not be repreſented by any Image, as of Doubtfulneſs ; the 
Idea which we then have, is only ſimple Perception. 

7. Judgement is the joining or disjoining of two Things 
by the Mind, when, according to the different manner of 
its conceiving them, it affirms or denies the one or the o- 
ther. Thus when we ſay, that the Earth is round, we join 
together the two Things which we underſtand by the 
Words Earth and Roundneſs, and this is called Judgement: 
So alſo when we fay that the Earth is not round, that is, 
disjoin thoſe Words; this is alſo called Judgement. : 


7. What is 
meant by 
Judgement . 


3. Whatin 8. Reaſon is a Judgement that depends upon a former 
meart by judgement. For Example: After I have judged, that no 
Reaſm. even Number can be compounded of five odd Numbers, and 

alſo, that the Number Twenty is an even Number; and 
thence conclude, that the Number Twenty cannot be divided 
into five odd Numbers ; this is called, Reaſoning. is. 

g ber i: 9. Senſation, is Touching, Smelling, Taſting, Hearing, 
meant by and Seeing. | 
3 10. Firſt, it is evident, that the bare Perception of a Thing 


Perception is not ſufficient to convince us that the Thing itſelf exiſts; 
alone is me for Inſtance, becauſe I can conceive a Triangle, it does by 
_—— no means from thence follow, (t a Triangle exiſts. 1 
ebe Exiftence I I. It is certain alſo, that our Judgement alone is not ſuf- 
of 7 ficient to convince us of the Exiſtence of any Thing. For 
* Judge. though ve cannot help paſſing our Judgement upon many "4 

Things; for Inſtance, That if two Things be equal io a Third. 
4 G5 5 they are equal to each other; that if Equals be added to Equals, 1 
the Ries their Sums will be equal, &c. notwithſtanding which, we 4 
% bia. do not certainly know, that any Things that are equal or 
unequa! 


mut alone 
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ain unequal exiſt, and the Truth of our Judgement agrees only 
ays to the Things that may poſſibly exiſt, 


we 12, We may alſo reaſon infinitely various ways; and b — wy 
ch this means all the Mathematical Truths are diſcovered, DIP 


which are ſo different from one another, and from the «: char any 
us, Principles from which they are deduced : But becauſe the — 1755 
7e- Conſequences have a ſtrict Relation to the Antecedents, . 
and can contain no more in them than they; and we have | 
the already ſeen that our Judgement does not prove that any | 
ng Thing exiſts ; it follows, that our Reaſoning proves no more 
lea than this, that Things without us may poſſibly exiſt. 
1a- 13. However, (1) there is one Exception to this Rule, » wo 
me and that is, God: For whoever has the Idea 22 may —— 
rd by Reaſon be aſſured of his Exiſtence, if he be conſidered v by Rea. 
an as a Being every way perfect, and if Exiſtence be owned /** 

n- to be a Perfection. But I ſhall not here enter into the 
the Particulars of this Demonſtration; the Dignity of this 

Subject merits to be treated of particularly by it ſelf. 

134. But ſince we are here ſpeaking only of natural —— 
Things, and our Perception, Fudgement, and Reaſon alone ,*,, f 
do not prove their Exiſtence, we muſt certainly have re- ur Senſes to 
courſe to our Senſes before we can judge that wy exiſt, Pee, that 


3 | : the Thi 
And we cannot know whether our Senſes do ſufficiently — 


prove this, nor in what manner they prove it, unleſs we .. 
© firſt define what we mean by Senſation, 
15. Long Cuſtom makes us many times reaſon with ſo 15. TheWay 


ler A much eaſe and readineſs, that very often, Reaſon and Sen- to know di- 
1 ſation go together, when we think that Senſation only — > 
nd concerned: Wherefore that we may not confound the one jarian is. 


nd with the other, and ſo be led into Error, let us examine 
led this Matter in other Perſons, Let us ſuppoſe a Man juſt 

born, and that he was in an extraordinary manner endued 
TA with the Judgement and Prudence of a grown Perſon; and, 

3 that we may examine only one Senſe at a time, let us ſup- 
ing poſe that his Eyes are not yet open, and, that he is put 
into a Place, where there is no kind of Smell or Noiſe, 
> 16, Now in order to find out what the Senſe of Feeling 16. 4s Ex. 
is; let this Man's Arm be prick'd with a Needle. It is p in 6 
uf. manifeſt, that he will feel the ſame ſort of Pain that we NjmU 
"or feel, when at any time we are pricked with a Needle, 

poſe 


my becauſe we ſuppoſe him to be ſuch a ſort of a Man as we 


& 


— (1) Tbere it one Exception,) How is too nice and ſubtle an Argument; 
the Idea of God proves his Exiſt. that drawn from the Variety, Beau* 
gaunce. See Carteſ. Princip. Part I. ty, Order, and Diſpoficion of the 
Artie. 14. and Regis Metapbyſ. Creation, does much more fully and 
Lib, I. Part I, Chop, 35. But this firongly infer a God: 


B 3 are: 


feel the 
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are: : Now abſtractedly from any Judgement or Reaſoning, = 7 
it is evident, that Senſation in this Man is nothing elſe, h 
but the being affected with a certain Pain, which belongs wh. 
to himſelf only. So that if any Perſon were ſo weak as the. 
to believe, that a like Pain was in the Needle, we ſhould 3 ſee, 
certainly know for all that, that it was not the very Pain 0 | 
which the Man by Senſation felt. : (1) 
T7. Tbat ue 17. Let us make ſome Reflection here: In the Sen ation | 
pricing, now mentioned, there are four Things obſervable : Firſt, 7 T1 
and nothing A Man cz pable of Senſation : Secondly, A Needle, or the 
elſe Object that raiſes the Senſation: Thirdly, The Action of a a 0 | 
Needle upon the Body, in which it produces ſome Change W 
Laſtly, The Effef of the Action of the Needle, and 9 155 - * 45 
Paſſien of the Body, namely, the Pricking, or the Pain. 
Now ſince *tis this Laſt only that is known, we muſt con- 
clude, that this Senſation not being attended with any 1 th 
Judgement or Reaſon, is nothing elſe but a confuſed Per- 
ception ariſing from the new State of the Mind, which does 
not any way make known to us this new State, nor the 
external Object which cauſes it, and is the Occaſion of the 


Senſation. 
18. This 18. From what has been ſaid of that Pain which is cau- 
0 , fed by a Needle, it is eaſy to apprehend the ſame thing of © 


what tbe the other Sort of Senſations, ſuch as Feeling, Taſting, and 
Senſations of $melling, For ſuppoſe the naked Arm of the foremen- 
2 ' ing tioned Perſon to be lightly touched with a Feather, or 
Selling any other ſoft Thing; ſuppoſe a red-hot Coal, or a Piece of 
ne Ice to be laid on any Part of his Body; ſuppoſe a Drop of 
Mine poured on his Tongue, or a Reſe, or any other ſtbeel- 

ſmelling Thing put to him; we can eaſily underſtand, that 

the Tickling, the Heat, the Cold, the Taſte, and the Smell, | 72 

which this Man perceives, are all within himſelf, and be- | wy 

long to him in the ſame manner as the Pain did. * 

70. Ariſtotle 19. And ſince there is no Reaſon why we ſhould think 
bad god differently of the Senſations of Hearing and Seeing than of 


a od , the others, we may look upon it as certain, that Sound, and 
Senſation Light, and Colours, are as much in us as Pain or Tickling, 
and Paſſion Wherefore we may ſay with Ariftotle, (1) that all Senſation 
5 is a kind of Paſſion, and when we have any Senſation, what- 


ever ſort it be, we know ver 2 what the Objects raiſe 
in us, but we don t know what they are in themſelves, * 


FP. Ariſtot. de Anima. Lib, II. ſeems to be ſome Change or Altera- 28 

- 5+ Senſation confiſts in being put tion made in ur, and again, chap, 11, 
"oo Motion, and 13 a ſort of Paſſion, Senſation ts a ſort of Paſſion. 
4 was ſaid ods 3 © for thee 
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20. But this is not the general Opinion of Mankind, 
Who, on the contrary, are apt to think, that the Sound 
which they hear, is in the Air, or in the ſounding Body as 
they call it; ſo alſo that the Light and Colours which they 
© ſee, are in the Flame or the Tapęſtry which they look up- 
on; and the Reaſon of it is this, becauſe we do not feel 
(1) Sond, and Light, and Colours within our ſelves, as 
we do Pain and Tickling, but aſcribe them to external 
Things; and beſides, the Colours which we ſee, oftentimes 
= ſeem to be much bigger than our ſelves. 
” 21. But to ſhow that theſe Reaſons are not of any 21. Thecom- 
Weight, we need only conſider, that very often we have *** —— 
a Perception of a Multitude of Things, which we think — AM 
are without us, and are a great deal bigger than our ſelves, rimenes, 
= when at the ſame time there really is nothing without us, 
that is the Cauſe of that Perception. 
22. Firſt, In Dreams we very often hear Sounds, and 22. I Ex- 
7 ſee Colours, in the ſame manner as if we were awake, and ?“. 
= we aſcribe thoſe Sounds and Colours to external Objects; 
and we imagine thoſe Colours to be much larger than our 
* ſelves; though there is indeed nothing without us, to 


20. A wul- 
gar Error · 


which they can truly be aſcribed, 


223. Secondly, Perſons in a Phrenſie, or in a violent 2.11. Ex. 
Fever, ſee alſo Things without them, which really are Perimem. 

= not ſo, 
24. Thirdly, We often hear a Ringing in our Ears, 


1 certain Sound which we judge to be at a great diſtance, 


or a 2 Ul. Ex- 
periment. \ 


when the Cauſe of it is very near us. | 


25. Fourthly, A Candle, or any other ſmall Object, at 25-1V. Ex. 


i a little diſtance, appears double to a Perſon in Drink ; or 4 
if we preſs the Corner of our Eye with our Finger; ſo 


be that there will then appear to be two Objects, when we 


g - certainly know, that there really is but one. 


(1) Sound, and Light, and Ce- Pain and Tickling often atiſe from 


= tours, ec.) In order to account for 
=> theſe Prejudices, we may obſerve, 
1. That Pain and Tickling do much 
more ſtrongly affect us, and make a 
= Eceater Change in the State of the 


7 Mind, than Sound, and Light, and 


= Colours; ſo that they are ſooner 
and more eafily taken notice of, and 


= imagined to belong to us, and to 


8 be in us. 


2. When Sound, and 


, 1 Licht, and Colours, are at firſt per- 
deived, there is always ſomething 
== before us, and that acts upon us, 


5 and to which we aſcribe them: But 
B 4 


an inviſchle Alteration of the ſmall 
Particles of the Body, that is, from 
a Cauſe at firſt unknown to us: 
Therefore we are a long while uſed 
to look upon theſe as ſomething in 
us ; till there appears to be ſumething 
without us, to which they may be 
aſcribed z and afterwards, when we 
do ſometimes experience, that they 
proceed from various external Things, 
we are till apt to think, that they 
are not in thoſe external Things, but 
in our ſelves, becauſe we have been 
uſed to think ſo, 


26. Fifthly, 


8 r 4 


1 iment, 
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26. Pifthy, If in the Dark we wink with our Eyes up- 
on the Flame of a Candle at a little diſtance, we ſhall ima- 
gine, that we ſee Rays of Light, which ſeem to ſtream 
from the Flame upwards and downwards in the Air; and 
yet there is no doubt, but that thoſe Rays ariſe from the 
Senſation of him that perceives them, and that out of 
him they are nothing; if we conſider, that other Perſons 
who look upon the Candle at the ſame time, do not ſee 
them ; and the Perſon himſelf who ſees them when he 
winks, ceaſes to ſee them the Moment that he opens his 
Eyes, and looks more intently. 

27. We ſhall be more fully ſatisfied, that theſe Rays are 
not in the Place that we imagine them to be, by this 
Conſideration ; If they were there, it would follow, that 
upon putting a dark Body between the Eye and the Place 
where they appear to be, they muſt immediately vaniſh ; 
but they do not vaniſh, but on the contrary are ſeen ſtill, 
only alittle nearer, v:z. between the Eye and the dark Bo- 
dy that interpoſes. But that which is moſt obſervable in 
this Experiment, is, that if the dark Body be raiſed by little 
and little, as if the lower Rays were intended wholly to be 
hidden by its Interpoſition, they will be ſtill ſeen, when 
the upper ones wholly diſappear ; which could not be, if the 
Rays were really in the Place which they ſeem to be in. 

28. S:xthly, We ſee the Colours through a triangular 
Glaſs Priſm, very bright, and exactly like the Colours in 
the Rainbow ; theſe we certainly know are not where 
they appear to be, 

29. Of this kind are the Experiments of Looking-Glaſ- 
ſes and Multiplying-Glaſſes, which repreſent Objects to us, 
where we are ſure they are not. | 

30. VIII. 30. We muſt not here omit an Experiment of thoſe 
Experiments Perſons who have loſt any of their Limbs, an Arm, or 

a Leg, who, many Months, and ſometimes many Years 
after they are cured, feel frequent Prickings, and other 
Senſations, which they cannot help judging to be with- 
out them, viz. in thoſe Places where their Fingers or 
Toes. would have been, if they had not been cut off, 
This Judgement is evidently a Miſtake, it being certain, 
that this Senſation is within themſelves, and not where 
they take it to be. 

7. A Hi, 31. This Experiment, together with all the foregoing 
feulty which ones, plainly ſhow, that we have within our ſelves the 
« 17" Senſations of many Things, which we cannot help think- 

ing are without us, though they really are not; and were 


V. Ex« 


27. There 
11 ſomet bing 
remarka 
in this Ex. 
periment, 


23 VI. Ex. 
periment. 


2 9 * VII. Ex- 
per i ment. 


Cuftim of 


9p ating. it not for the common Way of Speaking, which is the 
uſua! 


15 


0 
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” uſual Reaſon given, we ought wholly to lay aſide that vul- 
gar Notion, which we have entertained in our Minds 
from our Infancy, viz. that they are without us. For 
(may any one ſay) as he who touches a Stick, has reaſon 
to believe, that the Stick is ſomething without him that 
touches it ; ſo when any one ſays, that he ſees a Colour, 


i 


4 he has Reaſon to ſay, that the Colour which he ſees, is 
ſemetbing different from him that ſees it, and belongs to 
the Object. 

332. But it is eaſy to get clear of this Difficulty, if we 

© obſerve, that all Languages do not afford equal Plenty of 


Words upon every Subject. 
Latin Tongue, the Word Animal is uſed to expreſs the 
> Kind, under which the whole Species of Animals is con- 
I tained ; the Words Man and Horſe, are uſed to ſignify 
thoſe Species; and the Words Peter and Paul, Bucephalus 
and Bayard, to ſignify the Individuals of thoſe Species : 
But the Caſe is different in the preſent Subject; we uſe 
indeed in our Language the Word Senſation, by which we 
| A underſtand, in general, every Perception which we have 
by the means of Bodies; we have alſo the Words Feeling, 
A = Taſting, Smelling, and Hearing, to ſignify the particular 
ern of thoſe Senſations; but if we would deſcend to 
any thing ſtill more particular; we then want Words, and 
15 are forced to make uſe of a general Name, with which 
we only join ſome other Word, to determine its Signifi- 
& cation: Whence it follows, that when we ſay, for Ex- 
ample, that wwe Ter. the Heat, or that we ſee the ae, if 
5 we forbear Reaſoning about them, and attend only to the 
bare Senſation; the Feeling ought no otherwiſe to be di- 
inguilhel from the Heat, nor the Seeing from the Co- 
1 our, than in any Species, (1) the Genus is diſtinguiſhed 
* Wn the Difference: For the Colour and the Heat are 
Senſations which belong to our own ſelves only, and are 
"= Nothing more than our own Perceptions. 


(1) The Genus is diftinguiſhed,8c.) ing Redneſs, and feeling Heat could 


Thus for Example, in the — 


: The Author's Meaning i is this, that 
many People are led into Error, by 


5 the Forms of ſpeaking ; as when by 


i 


4 


reaſon of the Fewneſs of Words, our 
Meaning cannot be expreſſed but by 
more Words than one; thus when 
we ſay, that we ſee Redneſs, or feel 
Wear 3 ; they ſo underſtand it, as if by 
_ of theſe Words we intended to 


I 2 gnify the Senſation it ſelf, and by 


2 other to fignify ſomething with - 


ee us, which is the Cauſe of that 
onſation. Now if what we call ſce- 


be expreſſed by one word, as Patn, 
which is the ſame Thing as feeling 
Pain, or Tickling , which is the 
ſame as feeling Tickling, are expreſ- 
ſed by one Word: we ſhould eaſily 
apprehend, that the Redreſs which 
we perccive by our Sight, and the 
Heat which we perceive by our Feel- 
ing, are no more without us, than 
the Pain which we feel when our 
Arm is pricked with a Needle; or 
the Tick ling, when it is touched 
lightly with a Feather. 


33. Though 


OI 


_— —— 
n .. ͤ — . ee Bree LILLE 


33. Tbe Con- 


formity there 
1s betwwixt 
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that what wwe perceive ſimply by Sight, is wholly within our 


Sight and ſelves; I would yet make appear the entire Conformity 


Feeling. 


34. That we 


ba ve made 


uſe of ſeveral 


Means of 
Knowledge, 


there is betwixt Seeing and Feeling. Let us conſider then, 
that when an Object of Feeling affects the Body but light- 
ly, it raiſes in us indeed a real Senſation, but it is ſo weak 
an one, that it is gone as ſoon as the Object ceaſes to 
touch the Organ of Senſation ; ſo likewiſe, if the Object 
of Sight be weak, it is no ſooner removed from our Eyes, 
but we ceaſe to ſee it. And as an Obje& of Feeling, 
which ſtrikes us with a greater Force, excites a Senſa- 
tion, which remains after it is ſeparated from the Organ : 
in the ſame manner alſo, a very ſtrong Object of Sight, 
raiſes a bright Senſation, which continues for ſome time, 
though we do not look upon it, but turn our Head ano- 
ther way, Thus it any one looks full upon the Sun, and 
immediately goes into a dark Place, he will ſee the Sun 
there, and ſome Sparklings of it. 

34. From what has been ſaid concerning our Senſes, 
and the Manner of Senſation, it is evident, that they make 


known to us only what is in us, and belongs to us; it is 


alſo as certain, that they are not alone ſufficient to prove 


in order es be to us, that any Thing at all exiſts without us which does 


convinced 


that Things 


not belong to us; and this having been already ſhown of 


exiſt without every particular Means of Knowledge, we muſt neceſſarily 


US, 


3 
t bod which 


we proceed 
7 7. 


36. The Fx. 


iſtence of 
Ibings cog- 
nixable Ly 
our Senſei, 
is made 
known to us 
principally 
by Reaſon- 
Ing 


conclude, that we have made uſe of ſeveral of thoſe Means 


us 


b. The Me. 35. The Method we ſeem to have proceeded in, is this. 
Firſt, Senſation : Next, we obſerve, That this Senſa- 
tion is ſometimes in our own Power, and ſometimes not : 
Whence we. infer, that we our ſelves are not the fole 


Cauſe of our own Senſations ; that we contribute ſomething 
towards them, but not ſo much, but that we depend alſo 


upon ſome other Cauſe ; and ſo we begin to ſee, that we 


do not exiſt alone, but that (1) there are many other Be- 
ings exiſting together with us in the World, 


36. Whoever acknowledges this Truth, muſt confeſs, 
that he has been in an Error ſo long as he thought that the 
Exiſtence of Things without him was proved by his Sen- 


(T.) Toere are many other Beings, 
&c.) But even this does not ſeem 
ſufficiently to demonſtrate, that cor - 
poreal Things exiſt: and ingeed it 
does nct ſeem capable of a ſtrict O- 
monſtration, See Malbranch. Arndt. 
Chap 10. Bec I. of tre Search 2/- 


this; That God has not created us 


Part II. Aritc. I, 


Part I. 
33. Though I have been already too long in ſhowing A 


in order to be convinced that Things do exiſt without 


ter Truth, We muſt acquieſce in 


in ſuch a manner, that every Judge- = 
ment which we make of Things 
exiſting without us, ſhould be in- 
evitably falſe. See Carteſ. Princip. 


* 
= 


£ 
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9 ſes; for all that theſe can do, is only to be the Occaſion of 
knowing them; and it is chiefly from Reaſoning that we 


are aſſured of their Exiſtence. 


| 37. In the fame manner as we conclude from one ſin- 37. How we 

e Senſation, that one Thing exiſts; we conclude alſo d that 
rom different Sorts of Senſations, that there are different — Sas 
Things exiſting ; all which, becauſe we imagine them to of Bodies 


: be extended in Length, Breadth, and Thickneſs, we **/#ing- 
= call Bodies. 


38. Amongſt theſe Bodies, there is one which we con- 38. How we 


A ſider differently from the reſt, and are obliged, in a ſpe- come eg the 


Knowledge 


dial manner, to look upon as our own ; not only becauſe it gr ce 
is always preſent with us, but alſo, becauſe, when any Bach is 
= Alteration is made in it by other Things, it cauſes certain Particular. 


> Senſations in us; and on the other hand, certain Thoughts 
in us, produce certain Alterations in that. Thus if I will 
to move my Arm, it is preſently moved; but if I will 
to move another Body, that will not be put into motion 


I by my Will alone. 


239. We may further obſerve, that after the foregoing 39. We rc 


not to think 


A Reflections have convinced us that our Body is compo- ee 
ſed of many different Parts, ſome of which are the Or- are a: many 
ans of Senſation; the different Senſations we have, are Things es- 


no longer a certain Proof of the Exiſtence of a Number 
of Things without us: For there is juſt Reaſon to ſuſpect, we bave 


ifting with - 


out us, as 


that the ſame Object may raiſe different Senſations in us, different 


by acting upon different Organs; and therefore though the 


Senſations. 


Ttrire by affecting our Eyes when it is at a great diſtance, 
- 7 raiſes the Senſation of Light; and when it is near, raiſes 
the Senſation of Heat by affecting our Hands; yet we 
cannot from hence collect the Exiſtence of more than 
one Object. 


40. There is another Miſtake contrary to this, which 40. 4 Pre. 


9 it is eaſy to fall into, and therefore ought to be avoided, caution, in 


% For, does it not ſeem reaſonable to determine with Aſſu- 


order to be 
certain of a 


nance the Exiſtence of many Things, without any dan- Nunber of 
ger of being deceived, if in making uſe of but one Senſe, Things. 
= and employing it in but one manner only, it repreſents to 


= us many Objects at the ſame time? Now that we may 


bp: not be deceived here alſo, we ought to conſider the Me- 
„dium through which the Action of the Object is tranſ- 
== mitted ; for Example, a multiplying _ makes us ſee 

* 


- | 3 many Objects at once, when there is on 
affects our Eyes; which ſhows, that here alſo we may be 
deceived. 


one that really 


41. Theſe 


= x "= of 
he Wy. it 
Lo 1 U 


give to many tions 
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41. Theſe two Obſervations teach us, that we ought 


not to judge raſhly, nor at firſt Sight, that a Number of A 


Things exiſt : However, after having taken all the Precau- 
requiſite, when we are once plainly and fully con- 
vinced of their Exiſtence, by means of the different Sen- 
ſations which they raiſe in us; we cannot help arguing from 
the Act to the Power, as Philoſophers call it, which is 
very natural to all Perſons ; and thence concluding, that 
thoſe Things have within them a Power to affect our 
Senſes; And hence it is, that we give Names to thoſe 
Things, ſignifying ſuch different Powers. Thus a Body 
which raiſes Heat in us, we call a hot Body ; and the bare 
Power of raiſing this Senſation in us, we call the Heat of 
this Body. | 

42. Whence it is plain, that they are deceived, who, 
before they have ſtudied Philoſophy, underſtand theſe 
Words in a larger Senſe than was faid before; for ex- 
ample, who, when we mention the Heat of the Fire, 
imagine preſently that there is ſomething, I know not 
what, in the Fire, like that Heat which the Fire raiſes in 
us ; for the giving of a mere Name only to a Thing un- 
known, does not at all make that Thing known to us. 

43. They alſo deceive themſelves as fooliſhly, though 
to appearance, they are more acute, who, in order to 
prove that there is in the Fire ſomething, I know not 
what, like that Heat which it excites in us, bid us go 
near it and try: Now, though we go near it a thouſand 
times, nay, though we -are ſcorched by it, all that this 
demonſtrates, is only what the Fire does to us, and not 
what it is in itſelf, When we ſpeak therefore of the 
Heat, or Cold, or Smells, or Sounds, or Light, or Colours 
of Bodies, to ſay, that they are really Things which are 
properly Objects of our Senſes, is a great Miſtake. For 
he who ſays this, muſt imagine, that we come to the 
Knowledge of them by bare Senſation only, which is ab- 
folutely falſe. 
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1 CHAP. III. 

8 q The Manner of applying Philſophy to particular 

* 4 Subjects. 

n , 4 

s HE Obſervation which we have now made, is of 1. 17 muſt / 
to 


ſo great Importance, that it alone ſhews us the true —_— m_— 
ir Method ” Philoſophy on particular Subjects: For from "Philoſophy. 
e hence we learn, that in order to find out what the Nature 

y of any thing is, we are to ſearch for ſome one Particular 

re in it, that will account for all the Effects which Experi- 

of ence ſhows us, it is capable of producing. Thus, if we 

would know what the Heat of the Fire is, we muſt en- 

o, deavour to find out ſome particular Thing, by means of 

ſe which, it is capable of producing in us that Sort of Tick- 

- ling, or pleaſant agreeable Heat which we feel at a little 

e, 3 diſtance from it ; and that Sort of Pain, or ſcorching Heat, 
ot 

in 


= which we feel when we approach too near it; and the 
1 ſame thing muſt alſo explain to us, how the Fire comes 
to rarify ſome bodies, and to harden others, and to diſſolve 
= others: In a word, it muſt explain all the Effects that Fire 
4 produces. And in order to this, we are principally to 
5 guard againſt any Prejudices we may have entertained con- 
ot Y | cerning it; and not immediately to imagine, that there is 
go in the Fire the ſame kind of Heat, whether pleaſant or 
nd = ſcorching, which we feel, when at a diſtance, or near to it. 
his wh For indeed, there is no more reaſon to attribute ſuch ſort 
10t Þ Heat to the Fire, than there is to aſcribe the ſame 
0 ſort of pain to the Needle, which we feel when we are 
urs 3 pricked by it; and as he would without all doubt be de- 
are ceived, who ſhould aſcribe the ſame Pain that we feel to 
"Or I the Needle; and would after this, labour to no purpoſe, 
the in trying to find out the nature of it; ſo likewiſe would 
ab- it be in vain, after having aſcribed to the Fire that ſort 
: A of Heat which we ourſelves feel upon that occaſion, to 
arempt philoſophically to explain the Nature of Fire; 
for nothing ſolid can be built upon ſo bad a Foundation, 
? 4 nothing but Conjectures and Chimera's, 
2. What is now ſaid of Heat, may be applied to all 2. ben cur 
other Things: And by this Rule, every Thing hereafter is ee 
to be examined, If that which we fix upon to explain towed, ang 
| 1 the particular Nature of any Thing, do not account clear- when not. 
iN ly and plainly for every Property of that Thing, or if it 
* evidently contradicted by any one Experiment; then 
# we 


I4 ROHAUL T's SYSTEM Part I. *W ( 
we are to look upon our Conjecture as falſe; but if it per- 
fectly agrees with all the Properties of the Thing, then 
we may eſteem it well grounded, and it may paſs for ve- 
ry probable. 1 

3-Wemſft 3. Thus we muſt content our ſelves for the moſt part, 
for 10 my to find out how Things may be; without pretending to 
7 as come to a certain Knowledge and Determination of what I 0 
Probability. they really are; for there may poſſibly be different Cauſes £ 
capable of producing the ſame Effect, which we have no 
=n 

{t 


Means of + ye 
Koch - 2 4. Now as he that undertakes to decypher a Letter, 
may be al. finds out an Alphabet ſo much the more probable, as it 
lowed very anſwers to the Words with the feweſt Suppoſitions; ſo 
N. may affirm of that Conjecture concerning the Nature 
of any Thing, that it is the more probable, by how much 
the more ſimple it is, by how much the fewer Properties, 
were had in view, and by how much the more Properties, 
different from each other, can be explained by it. Thus, 
for example; if having taken notice only of four Pro- 
perties of a Thing, we form ſuch a notion of it, that the 
Conjecture we make to explain them, will hold as ſtrong 
for twenty Properties which we find to be in it ; it is cer- 
tain, that theſe are ſo many Proofs that our Conjecture 3 
is very good. | 4 ex: 
5. Whena 5. And indeed there may be ſo many, and ſo very dif- Fe 
Conjecture is ferent Properties in the ſame Thing, that we ſhall find it th: 
Janos may very difficult to believe, that they can be explained two 


be allowed . iS... 
for a Truth, different ways. In which Caſe, our Conjecture is not 


only to be looked upon as highly probable, but we have 0 
Reaſon to believe it to be the very Truth. io 
6 W:cught 6, Laſtly, To prevent any Scruples that may afterwards 
= e 23 ariſe, we muſt conſider, that, if our — be other 
2 Corjecture Wile well grounded, it does not loſe its Probability, be- 
1 that is well cauſe we cannot upon the Spot explain by it a Property, ſtar 
grounded. which appears from ſome new Experiment, or which we 27 
[| did not before think of: For it is one thing to know cer- 
1 tainly, that a Conjecture is contrary to Experience; and 
1 another thing, not to ſee how it agrees to it; for though 
1 ve do not at all ſee the Agreement, it does not from thence 
1 follow, that it is repugnant. And it may be, though we 
don't ſee it to Day, we may ſee it to Morrow; or others 
who can ſee further than we, may at one time or other diſ- 


$a 


"18 Fart II. cover it. Thus, as we ſhall fee * afterwards, Teleſcops 


nn — 5 = which were not in uſe till our Days, have confirmed the 3 
| Hypotheſis of Copernicus, concerning the Motion of Venus and egi 


7 


Mercury, which ſeemed not very well to agree with th: 


Y 
x 
2 


| i different Magnitude of Venus at different times, CHAT. 
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C HAP. NV. 
Caution concerning Words. 


IN CE ve are accuſtomed to connect our Thoughts 1. That we 
with our Words, and oftentimes attend more to the — 0 
Words than to the Things ſignified by them; that we Wordt, 
may not for the future be led into Miſtake by Words, we wöbeſe an- 
ſhall not make uſe of any here, nor have regard to any, *,", <rorky 

* whoſe Meaning we do not clearly underſtand. Where- 

fore in this Treatiſe we ſhall wholly negle& ſuch ſpecious 

Words as Antiperiſtaſis, Sympathy, Antipathy, a Defire f 

nion, Contrariety, and the like. And as we do not uſe 
them our ſelves, ſo we ſhall have no regard to them from 


% others, unleſs they tell us, very clearly and diſtinctly, what 


they mean by them, and how we are to underſtand them. 
* Left therefore we ſhould fall into that Fault which we 
Z condemn in others, we ſhall here define the Terms of Art, 


rong which, after the Example of moſt Philoſophers, we ſhall 

Her- make uſe of. 

Cure 2. The Word Being ſignifies only that which 7s or 2. Wat is 
|. RRexits ; for that which does not exiſt, is indeed nothing, wn by « 

dif- ror if any Thing be to exiſt next Vear, we may affirm, I 

nd it that at preſent it is nothing, and it is only the Idea which 

two •Gwwe have of it, that is any Thing. 

not 3. We underſtand by Sub/tance here a Thing which we 3. ber is 


have 5 conceive to ſubſiſt of it ſelf, independent of any other mean: by 


created Thing: Thus a Piece of Wax is a Subſtance, be- Hance. 

_ cauſe we conceive it to ſubſiſt of itſelf, independent of 

ther- 

b 2 4. Obſerve here, that I don't ſay abſolutely, that a Sub- 4. Shot 
„ 

h we 


cops ¶ Accident, which we conceive neceſſarily to depend upon __ 
d ko jome Subſtance, Thus, becauſe we cannot poſſibly con- 
gan 


a2 Thing which we conceive to ſubſiſt of it ſelf, which I ſay Judge of 


eiue the Roundneſs of a Globule of Wax to ſubliſt with- 


25 
nw? 
8 


* 


any other created Thing. 


ſtance is a Thing which ſubſiſts of it ſelf; but that it is 4e © 


* 


bings ace 


5. We call that a Mode, or Manner of Exiſting, or an 5. What is 


out 
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out the Wax, therefore we call it a Mode or Manner of 


exiſting, or an Accident. 


6. That a 6. From whence it follows, that a Mode, or an Acci- 
Mode cannot 


be transfer- 


red from one the Subject of it, to any other Subſtance z for if it could, 
Subjet to it would not then have depended entirely upon the firſt 
another. Subſtance when it was in it, which is abſurd. 

+. Whatis 7. By the Word Quality we mean that, by which a 
meant by Thing is denominated ſuch Thus that in the Fire, what- 


a Ryality» ever it be, which has a Power to raiſe the Senſation of | 


Heat in us, we call a Quality of the Fire, becauſe it is 
from this that the Fire is ſaid to be hot. 
3. That the 8. That which is to be feared here, and which hath 
3 made ſome over- ſcrupulous Perſons wiſh that this Word 
a d:termi- were never uſed, but wholly ſuppreſſed, is, that ſome Men 


— Sign : fooliſhly think, that they are very knowing, if they can 


owes, but apply this Word, and ſome other of the like Sort, to 


uſeful. expreſs a Thing which they do not at all underſtand. "Y 
However, I cannot agree to them, but think it ſufficient, | 


if we do not uſe it in a bad Senſe, For it ſeems to me 
(as it did formerly to Ari/totle) to be very properly uſed 


for that in general, whatever it be, which we conceive 


to belong to a Subject, and on the account of which, we 
give a particular Name to it. Thus, untill we clearly and 
diſtinctly underſtand what the Heat of the Fire is, we 
may call it a Quality of the Fire. 

g. What i: 9. The Words Vertue or Faculty, in any Subject, ſigni- 


dent, cannot be transferred from that Subſtance which is 


SR re Rt 


meant by the fy in general, the Power which a Thing has to produce | 


1 „. fa. ſome Effect in another Thing. Thus what we juſt now 


culty. called a Quality, upon this Account, that the Fire is from | 
thence denominated hot; may alſo be called a Vertue of 


the Fire, if we conſider, that it is from this, though we 
know not what it is, that the Fire can heat any Thing. 


10. What 10. The Eſſence of a Thing, is that which it princi- 


the Eſſence 


of a Thing pally is, or that which conſtitutes the Nature of it, and 


4 by which it is what it is: Thus the Eſſence of a right- 
lined Triangle conſiſts in this, that it is a Figure termi- | 
nated by three right Lines. From whence it is evident, 
that allowing the Hence of a Thing, is allowing the 


Thing itſelf; and on the contrary, taking away the El- 
ſence, is taking away the Thing it ſelf. 


11. What 11. We call that an eſſential Property of a Thing, which 4 


the eſſential 
Prope rty of 


we conceive ſo to belong to the Thing, that it is the . 


a Thing is, neceſſary Conſequence of its Eſſence: Thus, that any two 
Sides together, are longer than the Third; and that the 
three Angles are equal to two right ones, are r | 

that 


— 2 ITE = 
£5 2 2 r — 
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that belong to the Eſſence of a Triangle; becauſe theſe 
ſo belong to it, that they are a neceſſary Conſequence of 
a Figure's being terminated by three right Lines. So like- 


| wiſe it is the eſſential Property of a right- angled Triangle, 


to have the Square of the Side oppoſed to the right Angle, 
equal to the Squares of the two other Sides ; becaule this 
ſo belongs to this Sort of Triangle, that it neceſſarily fol- 
lows from its being right-angled. 

12, We call that an accidental Property of a Thing, or 12. What 
in general an Accident, which we do not think neceſſary = — 
to it; or which ſo belongs to it, that it might have been of a Abiag 
without it, and yet not ceaſed to have been what it was: „. 
Thus the Blackneſs in a Triangle is an Accident, becauſe 


this Colour is not neceſſary to a Triangle; and it may 


be not Black without ceaſing to be a Triangle. 


13. The Production of Something which before was 13. bat is 


y k , a th 
not, we call Generation ; thus we ſay Fire is generated, — 


when we ſee Fire where the Wood was before; ſo like- ration, 


= wiſe we ſay a Chicken is generated, when we ſee a Chicken 


in the room of an Egg. 


14. When a Thing is deſtroyed, or ceaſes to be what 14. #%ar is 
meant by 


it was before, we call it Corruption; thus we ſay it is a fh of Cor- 


Corruption of the Wood, when we ſee the Wood no lon- ruptien. 


ger, but only the Fire in the Place of it ; And in the ſame 
manner we fay an Egg is corrupted, when we ſee the Egg 
no longer, but a Chicken in its Place, 

15. A Thing is faid to be altered, when it has under- 15. har is 
gone ſome Change, but not ſo great a Change as for us %% ; 
not to know it again, or to have a new Name given to tien. 
it: Thus when a Piece of Iron, which was before cold, 
is made hot, it is ſaid to be altered; for this Change is not 
ſo great, but we know it to be Iron ſtill, and do not 
give a new Name to it. We muſt take particular Notice 
here, that the Alteration muſt make but a moderate 
Change; for if it be ſo great, that we cannot know the 
Thing thus changed, we do not then ſay that it is altered, 
but that ſit is corrupted. 

16. By the ft Principles of natural Things, we under- 16. bat is 
ſtand, that which is firſt, and moſt ſimple in them, or that _ by = 
of which they are originally compoſed, and beyond which — 2 
they cannot be reduced. Thus, the fir/# Principles of a ral Things. 
Chicken, are thoſe Things which are united together to 
compoſe a Chicken, and which are ſo ſimple, that they 


themſelves are void of all Compoſition. 


VV. I. C v 17. Now 
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17. Thattrbe 17. Now I do not pretend that the foregoing Defini- 9 


Ang tions contain 'any ſecret Things in them, nor do I deſign 


fenify s they ſhould paſs for Things very ſublime, as ſome Philo- 


more than i ſophers have done; but on the contrary, my principal De. 
contained in 


the D ſign in laying them down here, was no other than to ex- 
Mini- 4 

tion of them, plain the Meaning of the Terms which I have defined of 3 

diſtinctly, that no one might be deceived, in putting any 

other Senſe upon them more enlarged or reſtrained; and 


to do it in ſuch a manner, that no Fictions might be 
made out of them 


xt. 4 c. 18. 1 ſhall here add one Caution about Words, and it 


dien about js this, That though thoſe which we call Nouns ſub/tantiv, 


tbe Meanin 


of ſome © Were invented to ſignify Subſtances ; and Adjectives and 


Nouns Sub: Herbs properly ſignify only Qualities or Modes, or Man- 


ant ives. 


Words, which in Grammar paſs for Nouns ſubſtantive; 


whoſe Sjohification i is the ſame as that of Verbs. Thus E: 
when we fay that a alk is wholſome, we mean no more 


than that it is wholeſome to walk. 


19. An Er. 19. For want of attending to this Rule, the Generality 7 
of young Men, when they begin to ſtudy, take the 'T hing 


rour arifing 
from want 


ners of exiſting or acting; yet there are a great many 


of attending ſignified by theſe Sort of Nouns ſubſtantives, to be real 


bereto. Beings, and i imagine them to have a particular Exiſtence, 3 


and by this Means fill the World with Scholaſtic Entities, 4 
and rational Entities, which they are many times fo po- 
ſeſſed with, that they become incapable, all their Live 
after, of applying themſelves to any Thing that is ſolu 


and ſubſtantial. 
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8 
The principal Axioms of Natural Philoſophy. 


1. We Frun- AF T ER having explained the principal Terms made! 
5 of na- uſe of in natural Philoſophy ; I ſhall now lay down 
1. oe ſome important Truths, which are ſelf-evident, and which, 


ſequently the principal Aaiomt of Philoſophy. 


being the Foundation of all Philoſophical Truths, are con. ; 


2. Aion l. 2 The firſt is; that Nothing, or that which has no En- 
s/tence, has 19 Properties, Thus we cannot ſay that No- 
thing is hot, or cold, can be divided, or has Parts, &. 
Therefore where we know there is any Property, what- 


ever it be, there we may affirm, that there is ſome Thing, 


{ome real Being, 


3. St | 
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we eaſily apprehend, that it ceaſes to be the Thing that it 
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3. Secondly ; It is impaſſible that Something ſhauld be made 3 Axim Il. 
of abſolute Nothing ; or that mere Nothing can become any 
Thing. This Axiom is a neceflary Conſequence of the 
foregoing one, and proves it ſelf to them who grant that. 
For if Nothing can be made Something, it would follow, 
contrary to the preceeding Axiom, that Nothing has ſome 
Property: Which is abſurd. 5 

4. When I ſaid, that it is impoſſible Jo Something to be 4. In what 
made of Nothing, I expreſsly added the Word Abſolute, e ay 
becauſe I do not at all doubt, any more than any other A Frags 
Perſon, that a Thing may be -made out of what has no- made of Ne- 
thing of that Thing in it, or to ſpeak more clearly, may g. 
be made out of that which is not that Thing. Thus for 
Example: No one can doubt, but that Bread may be 


made of Water and Meal, which are not yet Bread. 


5. Thirdly; No Thing or Subſtance can be wholly annihi- 5. Axiomlll, 
lated ; that is, ſo ceaſe to be, that there ſhall remain nothing 
at all of it. Indeed; when any Thing wholly diſappears, 


was, in order to become ſome new Thing: Thus we ea- 
fily apprehend, that Corn ceaſes to be Corn, in order to 
become Meal, and that every Part of the Meal may be 


tin divided into other Parts, ſo ſmall that they may be 


utterly imperceptible ; but how that which is Something, 


can become abſolutely Nothing, this is utterly uncon- 
cCeivable. 


6. Fourthly ; Every Effect preſuppoſes ſome Cauſe. This 6. Axiom 
is ſo generally allowed by all the Wort, that the dulleſt IV. 


of all, are led to admire certain Effects, for that very 
= Reaſon, becauſe they are perſwaded that they proceed 
from a Cauſe, and that this Cauſe is wholly unknown to 


them. If this was not a very true Axiom, we ſhould not 


ſo much wonder at that moſt known Property of a Load- 


ſtone for Example ; but reſt ſatisfied, with knowing only 


that the Iron does really approach the Loadſtone, without 
& wiſhing for any Thing further. 


7. Fifthly. Which is a Conſequence of the foregoing 7. Aion V. 
Axiom ; If we our ſelves are not the Cauſe of any Effect, it 
muſt neceſſarily depend upon ſome other Cauſe, Thus, if 1 
know certainly, that a particular Effect which is within 


my own ſelf, does not depend upon me; I certainly con- 
dlude, that it depends upon ſome other Cauſe. 


8. Sixthly ; Every Thing, as much as it can, endeavaurs 8. Axiom 
to continue in that State in which it is. Thus, if any Thing VI. 
be ſquare, it will continue always ſquare, and will never 
of its own ſelf become tound, or of any other Figure, This 

VOI. I. C4 is 
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9. Axiom 
VII. 


10. Axiom 
VIII. 


11. That 

there are 

many more 
Axiom: 


12, That 
Things are 
bere treated 
of in their 
nat 


State. 


12, 1bat we 
cupbt not to 
ſay, that 
tbere 15 
any Thing 
which Cod 
cannot do. 
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is what others mean, when they ſay, that Nothing tends by 
to the deſtroying of it ſelf. _ = 

9. From whence it follows, Seventhly ; That every A. 1 8 
teration is made by ſome external Cauſe. Thus if we ſee a ; ns 
Flower in a Garden very freſh in the Morning, and in the 
Evening find it withered ; we conclude, that either the . 
Sun, or the Wind, or perhaps ſome Perſons roughly hand- nd 
ling of it, have cauſed this Change, and though we could | . 
not at all gueſs what it was that had made this Change; 
yet we ſhould aſcribe it to ſome Cauſe. 

10. Eighthly ; Every Alteration is always preportionable 
to the Force of the Agent which cauſes it. So that the 
Thing which is altered continues, as much as it can, in 
its firſt State. Thus if a Body, which moves flowly, 
comes upon another Body at reſt, and puſhes it before it, 
we cannot think that it can move this latter Body (1) v 
ſwifter than it goes it ſelf. 3 


; 


II. There are yet more Ax:9ms which I ſhall afterwards 4 : 
draw many Concluſions from; but becauſe they are not WF _ . 
ſo general as theſe, I ſhall content my ſelf with men- ple 
tioning them, when I have occaſion to make uſe of 8 . * 
them. A ! 

12. But before we proceed any further; as my De- oy 
ſign is to treat of natural Things, and to explain as well = 
the Cauſes by the Effects, as the Effects by the Cauſes ; Ine 
that I may not go beyond the Limits of my Subject, but # ed, 


contain my ſelf within the Bounds of the Science I treat ann 
of ; I expreſsly declare, that my Deſign is to conſider | 4 * 
Things i in their ordinary and natural State, and that I pre- Wh 
tend not to ſay, or determine, what they are, or may be, 2 8 


in an extraordinary or preternatural State: Becauſe, I | RF 


chi 
think, it is great Raſhneſs to undertake to determine, how | Noe 
far the Power of God can extend it ſelf, whom I ac- Yee 


knowledge to be the Author of every Thing in the World, 
and who, I believe, can make a Multitude of Thing | 
above the Capacity of humane Underſtanding, 

13. Wherefore I will never venture to affirm, that 
there is any Thing impoſiible with God; and inſtead of 
ſpeaking in ſuch a manner, which is too common amongſt 2 
Philoſophers, I will content my ſelf, with only ſaying, TT! 
that ſuch a Thing is not of the Number of thoſe Things 


which I know He can do. x be 
(3 Swifter than it gees it ſelf.) an Addition of new Force, See be- 6 
Unleſs it be endued with an e/aftick low, Chap. xi. Art, 6, _ 
Force, whieh is to be underſtood as 2 ſo 
Pr 


14. And 


thy Chap. 6. of NATURAL PRHILOSOP Rx. 21 
0 


1144. And above all Things, I particularly guard my ſelf 14. That we 

Aagainſt enquiring into the Myſteries of Faith, and attempt- 2 hoo - 

e ing to explain what is obſcure therein; "becauſe I am tiv: into 
, firmly perſwaded, that that which God Almighty would Myſter ies. 


have to be a My/tery to the Ignorant and Unlearned, he 


. 4 would have to be ſo likewiſe to the moſt exalted Genius, 
a 4a E. and to them who think themſelves much greater Philoſo- 
25 m_ than I am. 
„ OE nu DV SO b 

t 
0 CHAP. VI. 

Y» 
| r 3 Of the Principles of Natural Things. 
_ 4 N order to know what the Principles are, of which 1. Of Mor- 
. . 1 natural Things are compoſed, we may take one parti- ** 
* 1 cular Effect for a Rule, and examine that ; as for Exam- 
= ple, what is done, when the Wood is converted into Fire; 
For by this Means, it will be eaſy to judge, what paſſes in 
Je other Productions of Nature; and this will, as it were, 

1 lead us by the Hand, and help us to diſcover what natu- 
i ral Principles are, and how many there are of them. Firſt 


then; becauſe, according to the Maxims before eſtabliſh- 

Wc, it is impoſſible to conceive the Wood to be wholly 

®Zannihilated, or the Fire to be made out of abſolute No- 

{4 thing, therefore we muſt think, that there is Something 

1 Ewhich before belonged to the Wood, which now belongs 

© to the Fire, and is therefore common to them both. Now 

5 by this, whatever it be, that ſubſiſts under theſe two Forms, 

ve call Matter, as others call it; fo that Matter is one of 

the Principles of natural Things. 

: C 2. Secondly, We apprehend alſo, that there muſt neceſ- 2. Of Ferm. 
ſarily be ſomething elſe added to Matter, which makes it 


by to be Wood and not Fire, or to be Fire and not Wood; 
hat and whatever this be, which does not cauſe Matter to 
| of exiſt, but only to exiſt in that manner, we call it the 
elt F Pon; and this we reckon another Principle of natural 
ng, i Sr hings. 
"i 3. Ariſtotle obſerved, that though a Thing could not 3. Wat Pri. 


* made abſolutely out of Nothing, it might how er be van og 
made out of what was not that Thing. Thus a Chicken ——— = 
Wmay be made out of that which is not now a Chicken; tien of « 
Wo that the Non-exiſtence of a Thing, which he calls Ting. 
muſt immediately precede the Generation of 


ind » C 3 it: 
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5 it : From whence ke concludes, that there are three WF 2 
8 Principles of natural Things, Privation, Matter, and ou 


15 Form. 

| 4 TOE 76 4. But by making Privation a Principle, the Word 
| vation 7” * 
| PE ee Principle becomes ambiguous, and quite another Mean- 4 
[| n- ing is given to it, than when we ſaid of Matter and Form, | 4 


eee. that they were the Principles of natural Things; for it is be 
5 

certain, that Privation is not at all a Thing, nor does it 
go to the Compoſition of any Thing. 

5: That ther» F. Beſides, there is no Reaſon to make a particular Myſ- 

4 A tery of this Word Privation; for there is no Body but 

li PE" ee knows what it means; and ſince it4s of no uſe to explain 

and Form. natural Things by, we conclude, that there are but two 
Pringiples of natural Things, viz. Matter and Form. 

6. Ther it i: 6. But we have not yet made any great Advances in 


5 e the Knowledge of the Things of Nature: For, He is very 8 
J unde rand far from underſtanding the Nature of Fire, who knows = 
| e 2888 only thus much, that Matter is neceſſary to the Compo- ert 
eee ſition of it, that i is, it has ſomething, we know not what, : mY 
| in common with other Things; and that a Form is allo” =, 
'| neceſſary to it; that is, another Something, we know not the 
| what, which gives that particular E xiſtence to the r Y ccal 
— for, as was obſerved before, a T hing that is unknown, Pate 
=_ does not become known, by giving a Name to it; we A K 
. muſt therefore conſider more diſtinctly, What Matter and 15 
—_— Ferm particularly are, We will begin with Matter, and 3 
_— try to find out what hat is, which we call we don't know 3 1 
== what, which is common to all the Things in Nature, ky 
=_ 2 OO ob cf & N:. l. E . r &. & N 
_— C H:&P7 VIE Aber 
5 : 4 Par 
—_ | Of Matter. cor 
9 1. The Me. 8 IN CE there are but three Particulars neceſſary to s 5 
ll na. _—_ perfect Underſtanding of any Thing, viz. its E/fence, 8 an 
1 Matter is, its Properties, and its Accidents ; ; that we may comprehend Et 
| | fully what Matter is, we muſt diſtinctly explain what the _— 
it Efence of it conſiſts i in; what the Properties of it are; and i «pe 
5 what Accidents it is capable of; in order to which, we * 
[ have no more to do, but to examine all that we conceive 3 by 
It any way to belong to material Things, conſidered as ma- 7 
terial, that is, to belong to Matter ; and then exactly oi "Y 
diſtinguiſh its E/ence, from its Properties, and Accidents. 8 

2. Novi 


t I. Chap. 7. of NaTuRaL PHILOSOPHY, wy 


2. Now according to this Method, if we conſider, that 2 —4 
though we do not perfectly underſtand what Hardneſs, —— 
d Heat, Cold, Heavineſs, Lightnefs, Taſte, Smell, Matter. 
Sound, Light, Colour, Tranſparency, Opacity, and the like, 
gare; yet we underſtand enough of them, to know, that 
they are none of them inſeparable from Matter, that is, it 
may exiſt without any of them, (for we ſee that ſome ma- 
terial Things are without Hardneſs, ſome without L1qui- 

ity, ſome without Heat, and ſome without Cold, and fo 
[yſ- of the reſt,) wherefore we ſay, that the Eſſence of Matter 

but does not confiſt in any of theſe Things, but that theſe are 
accidental only. 
3. But when we conſider Matter as extended into Length, ,, bar E- 
ZBreadth, and Thickneſs ; as having Parts, and thoſe Parts tenjion is not 
Raving ſome Figure, and that they are impenetrable, we do 2 ” 
wt judge in the ſame manner of theſe, nor think them : 
mere Accidents of Matter. For, as to Extenſion; it is 
certain, that we cannot ſeparate the Idea of that, from 
any Matter whatſoever ; becauſe if Extenſion does not go 
al along with it, we immediately loſe the Idea of Matter, in 
the ſame manner as the Ides of a Triangle vaniſhes, if we 
=X ceaſe to have in our Minds the Image of a Figure termi- 
nated by three Lines, 

4. As to the Parts of Matter; we apprehend them to 4. 7: hav: 


hree 
and 


Wy 4 3 — ” . . 
and A belong to it fo neceſſarily, that we cannot Imagine any Parti, 1s not 
= Portion of it ſo ſmall, be it the ſmalleſt we can conceive, — * 
ow but that if it be upon a plain Superficies, we muſt think 


at the ſame time, that it touches it in one Part, and does 

not touch it in another; that is, this ſmall Portion of 
Matter, conſiſts of Parts. 

% 3 5. With reſpect to Figure; though it be nothing elſe 5. bar Fi- 
but the Diſpoſition of the extreme Parts of a Body, and £** 75 


accidental to 


perhaps we cannot determine the particular Figure of a jj... 


particular Body; it is however manifeſt, that we cannot 
=X conceive any Body, be it ever ſo great, or ever ſo ſmall, 
but at the ſame time we conceive it to have ſome Figure, 
o ©. Laſih, With regard to Impenetrability ; ſince a cer- 6. 2b tn. 


11. tain Portion of Matter, ſuppoſe a cubic Foot, has all that penerrabiliry 


nd is neceſſary to ſuch a Magnitude, we cannot conceive how '7 - of 
* Fi another cubic Foot can be added to it, without making 4...” 
nd two cubic Feet: For ſuppoſe any one would reduce them 

ue to one cubic Foot by Penetration, this would not be fo 

ide much reducing them to one cubic, Foot, as it would be 

na. 9eftroying the firſt Suppoſition; whence we are led to 

% think, that the Parts of Matter are in their own Nature 

WM impenetrable, 

ow 8 C 4 7, Now 


* 


* 
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7-Ofthe E- », Now this being ſo; we muſt ſay, that Extenſion, Di- 
. 2 viſibility, Figure, and Impenetrability, are, at leaſt, eſſential 
Matter, Properties of Matter, becauſe they always go along with 
it, and cannot be ſeparated from it; and theſe being all 
that we conceive to belong to Matter neceſſarily, for we 
know of nothing more, we are aſſured, that the ¶ſſence 
of Matter conſiſts in one of theſe, 
8. Whatthe 8. And becauſe we conceive Extenſion before the other 
—_— of „Three, and becauſe we cannot conceive the other Three, 
Il in. Without firſt ſuppoſing Extenſion, (1) we ought to think 
that Extenſion is that in which the Eſſence of Matter 
conſiſts. 
9. In bet 9. If it ſhould be here objected; That God could make 
a netwrol Something to be the Z//ence of Matter, which neither we, 
xe nor any Man living, can underſtand what it is; we can 
k..wlige make no other Anſwer, but only this; that God, being 
e, Lord of all Things, might create them according to his 
Ro own Will; for we do not pretend to determine by our 
of Matter Reaſon, that which Reaſon cannot come at. Wherefore 
fo coſſi. leaving ſuch Sort of Queſtions to be treated of by thoſe, 
who are of a higher Profeſhon than that of mere natural 
Philoſophy, and who carry their Views far beyond what 
Reaſon can do; we ſhall contain our ſelves within the 
Limits which that preſcribes, without invading the Ter- 
ritories of others; and conclude irom that Knowledge 
which we have by Reaſon, that the Z//ence of Matter con- 
ſiſts in Extenſion, becauſe that is what we firſt perceive 
in it, and from which every Property of Matter is derived, 
and upon which it depends, 


(1) Fe ought to think that Exten. mnifeſtly flow, may be more truly cal. 
Hen, 8c.) It does no more ſeem to Jed the Eſſence of Matter, 
follow from hence; that, becauſe we But further; if Extenſion were the 
conceive Extenſion before any other Eſſence of Matter, and ſo Matter the 
Properties of Matter, and that thole ſame as Space it ſelf; it would fol- 


Properties can't be conceived to ex- low, that Matter is infinite, and ne- 
iſt, without firſt concetving Extenſi- ceflarily eternal, ard could neither 
on; therefore Extenſion is the Ei- have been created, nor be reduced to 


ſence of Matter ; than it follows from nothing; which is very abſurd. Be. 
hence, that Friflence is conceived fide ; it evidently appears from Gra- 
before all other Propertics of Matter, viiy, as ſhall be afte zwards explain- 
and therefore Ex:/Zence is the Eſſence ed, and from the Motion of Comets, 
of Matter. Put {once Exte cn is a and from the Vibrations of Peadu- 
more general Word, and compre- lums, that Space it-ſelf is not Mat- 
hends more under it than material ter. Wherefore not Extenſion, but 
Things, it ſhov'id ſeem, that tbat ſolid E tenfien, impenetrable, which 
rmpenctrable Solidity which belongs is enducd with 'a Pcwver cf refofting, 
to all Vatter, and to Matter on:y, may (as was before {aid) be moze 
and from hic all its P;opcrties ma- truly called the Efence of Matter. 


10. Fur» 


"> 4 Fas wv Ta, {© . 
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10. Further, that we may carry our Knowledge as far 10. That | 
as the Light of Nature will permit; let us conſider that gs, 
the Idea of Extenſion is ſo far from depending upon any Mode. 
created Thing, that we can ſcarce get it out of our 
Minds, when we try to imagine Nothing, which we be- 
lieve was before the Creation of the World ; which 
ſhows that it does not depend upon created Things, that 
it is not a Conſequence nor a Property of them, much 
leſs is it an Accident or Mode of exiſting, but a true Sub- 
ſtance. 

11, It is generally believed, that this is very different 11. That 
from the Opinion of Ari/tetle, becauſe he ſays in his Me- m a —.— 
taphyſicks, that Matter is not a Thing that can any way ab to the 
anſwer to Queſtions which relate to Hſſence, Quantity, or greateſt part 
Duality ; and indeed, that it is not a certain determinate 2 2 3 
Thing ; This the Ariſtotelians, for the moſt part, fo in- themſelves 
terpret, that they would have us think that Matter is not . Diſciples 
at all extended, nor has any Exiſtence. 9 

12. But Ari/totle ſeems in this Place to ſpeak of Mat- 12. That bis 
ter in general; for he expreſsly diſtinguiſhes between Ex- 77/9" © 
tenſion and Quantity, as every one ought, becauſe we tm it. 
can conceive the one without the other. Thus, for Ex- 
ample, a Surveyor of Land conceives at firſt Sight, that 
a Field is extended, but he does not know the Quantity 
of it, till after he has meaſured it. Now in this Senſe of 
the Word Matter, there is no Inconſiſtency in ſaying, 
that it may be extended, and yet not be any "Thing that 
will anſwer to thoſe Queſtions which Ariſtotle there enu- 
merates ; for thoſe Queitions are to be underſtood only of 
Matter under ſome particular Form : Thus we cannot 
ſay of Matter in general, that it is Hot or Cold, that it 
contains a certain Number of Feet, or that it is ſuch a 
particular Thing, as Gold, or Wood, or Marble; any 
more than we can ſay of an Animal in general, that 
it is a Horſe, and not a Dog, or any other particular 
Species, | | 

r3. But be this as it will, if Ariſtotle was not of this O- 13. That it 
pinion, as many of his Interpreters think he was not ; we Ae” = 
ſhall make no Difficulty in this Matter, to differ from 4 
him; becauſe we do not govern our ſelves by Authority, wi ought 
when we endeavour to eſtabliſh Things upon Reaſon. * 
And there ſeems to me no Reaſon to ſay, that Matter, Trucb. 
which is the common Subject of all Things, has it ſelf no 
Exiſtence ; for there is no Difference. betwixt Non-Ex- 


iſtence and Nothing, or having no Properties. 
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14. Some Ariſtotelians, who may be ſatished with this 


Anſwer, will perhaps find fault with me, becauſe I call 
Extenſion in Length, Breadth and Thickneſs, a Sub- 
{tance, and not a mere Mode or Accident, as they do. 
Thus, for Example, when we ſpeak of the Extenſion of 
a Table, they underſtand that the Extenſion is a Mode, 
and the Table the Subſtance of it. But it is eaſy to make 
appear, that this is a Miſtake ariſing from the Manner of 
Speaking, and is altogether as groſs, as it would be, in ſpeak- 
ing of the City of Rome, to imagine, that theſe were two 
different Things, one the Mode, and the other the Sub- 
ſtance. But to clear all Difficulty in this Matter, we muſt 
obſerve, that it is of the Nature of a Subſtance to be able 
to exiſt without its Mode; on the other hand, The Nature 
of a Made is, not to be able to exiſt without that Subſtance 
of which it is the Mode. For it is evident, (1) that the 
whole Extenſion of the Table can ſubſiſt without being a 
Table, but on the contrary, there can be no Table with- 
out Extenſion, Wherefore, ſo far ought we to be from 
ſaying, that Extenſion is a Mode of which the Table is 
the Subſtance, that we ought to ſay, on the contrary, 
that Extenſion is the Subſtance, and the Form of the 
Table the Mode. 

15. Laſtly, They who deny Extenſion to be the Eſſence 


Matter, nor in what its Eſſence conſiſts; and- they lay 
down ſo obſcure a Thing for a Principle, that it is im- 
poſſible to draw any Conſequence from it, that can en- 
lighten our Minds, or ſerve to clear up any Truth. 
Wherefore we need not be ſurprized, that their Philo- 
ſophy is ſo barren, and that it is not capable of explain- 
ing the ſmalleſt Effect in Nature. Let us now ſee if the 
ſame may be affirmed of the Principle which we have 
maintained. 


(1) That the bbole Extenſion of 
the Table, &c.) Yes, if neither the 
Table, nor the Matter it ſelf, or 
Subfanceof the Table: exiſted, This 
Inftance therefore does not prove, 
that Extenſion 7s tba? Subſtance or 
Matter of the Table, but that there 


muſt neceffarily be ſome Sub/tarce 
ſubſiſt ing under the Form of the Table, 
which is it ſelf extended; which ex- 
tended Subſtance is not Extenſion it 
feif, but ſubſiſis in Extenfian or ex- 
tended Space. 
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CHA P. VIII. 
Some Corollaries of the foregoing Notion. 


RO M what we have now laid down concerning the 
Eſſence of Matter, we infer in the firſt place, (1) that 
what the Philoſophers call a Vacuum cannot poſſible be : For bs bat the 


by a Vacuum they mean a Space void of all Matter 
by Space (or Extenſion) we mean the ſame Thing as — 


Matter; and to ask if there can be any Space without 


(1) That what the Philoſophers 
call a Vacuum, & - This is con- 
fitently enough ſaid of him, who 
affirms the Eſſence of Matter to be 
Extenſion: But it is very evident 
from Gravity, (which ſhall after. 
wards be briefly explained) that there 
muſt not only be a Vacuum in Nature, 
but that it is the far greateſt Part, 

Beſides, a Vacuum, as I ſaid now, 
is demonſtrated from the Motion of 
Comets. For fince the Comets are car- 
ried with à continual Met i on through 
the Heawenly Spaces, from every Part, 
and all Ways, and to all Part: (in 
Orbits which cut the Orbits of the 
Planets tranſverſely every way) it i: 
evident from thence, that the Heawenly 
Spaces, muſt be void of any ſenſible 
Reſiſtance, and conſequently of any 
ſenſible Matter. Newt. Optic p. 3 10. 
See alſo the Notes on Part II. Chap. 
25, 26. 

This is ſtill further evident from 
the Vibrations of Pendulums, for they 
meet with no Reſiſtance in Spaces, 
out of which the Air is exhauſted ; 
wherefore it is plain, here is no ſen. 
ſible Matter in thoſe Spaces, nor in 
the occult Pores of the Body them- 
ſelves. The Fiction of Cartes, that 
theSmallneſs of his ſubtil Matter is the 
Reaſon why the Reſiſtance is inſenſi- 
ble, for a ſmall Bod y ſtriking againſt 
a large one, cannot move it in the 
leaſt, nor hinder its Motion, but is 
reflected with the Whole of its own 
Motion; this is very weak, and con- 
trary both to Reaſon and Experience. 
For the famous Sir Iſaac Newton has 
demonſtrated, that the Denfity of 
fluid Mediums is pretty nearly in pro- 
Portion to their Reſiſtance (Opt. p. 
311.) and that they are very much 
miſtaken, who think that the Rei. 


ance of prejectile Bodies is infinitely 
diminiſhed, by the infinite Diviſion 
of the Parts of the Fluid; (Princip. 
Book II. Prop. 38. Corol. 2.) For on 
the contrary, it is evident, that the 
Reſiſtance can be but a very little di- 
miniſhed, by the Diwifion of the Parts 
of the Fluid (Tbid. Prop- 40. Cor. 3. 
For, the reſiſting Forces of all Flui 
are very nearly as their Denſities, 
For wwby ſhould not the ſame Quan - 
tity of Matter, make the ſame Re- 
ſiſtance, whether it be divided into 
a great many very ſmall Parts, or 
into a few large ones? Wherefore, 
if there were no Vacuum, it would 
follow, that a Body moved in Air, 
or in a Place out of which the Air 
is exhauſted, would meet with as 
much Difficulty, as if it were moved 
in Quick-hver ; which is contrary 
to Experience, and therefore it is 
evident, that there is a Vacuum in 
Nature, and (as was ſaid before) that 
it is much the greateſt Part. 

Since therefore the Eſſence of 
Matter does not conſiſt in Extenſi on, 
but in impenetrable Solidity, we muſh 
ſay, that the whole World is made 
up of ſolid Bodies which move in a 
Vacuum. And we need not fear, that 
the Phœnomena of Na ture ſhould not 
be ſo well explained thereby; for the 
Explication of thoſe Phenomena 
which ſeem chiefly to depend upon 
a Plenum, viz. The Barometers, the 
Flux and Reflux of the Sea, the Mo- 
tion of the Stars, and of Light, theſe 
can be more eaſily and fully explain- 
ed upon other Principles (as ſhall be 
ſhown hereafter ;) but as to the other 
Phenomena of Nature, which de- 
pend upon Cauſes not ſo general, the 
Explication of them is the ſame in 
our Syſtem as in that of Cartes. 


Matter, 
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Matter, is the ſame as to ask, if there can be any Matter 
without Matter, which is a manifeſt Contradiction. And 
it ſignifies nothing to ſay, that we can conceive a Space, 
in which we ſuppoſe there is no Light, Colour, Hardneſs, 
Heat, Weight, in a Word, in which we ſuppoſe there is 
not any one Quality that we can imagine; for when this 
is done, and all theſe Things denied of Extenſion, it is 
the Accidents only that are taken away from the Thing, 
whoſe real Eſſence is at the ſame time ſuppoſed. 
ods 2. And here we ſhall not trouble our ſelves to give an 
dect be, ig Anſwer to any one who ſhould put the following Queſtion 
God % to us; Whether God could not by his Omnipotence 
e make a Vacuum, by annihilating all the Air in a Room, 
« Rom, and hindring any more from coming in its Place? For, as 
we ſaid before, it does not belong to us to determine how 
far the Power of God can extend it ſelf. But if the Que- 
ſtion be a little altered, and we be only asked, what we 
concetve would follow, if God ſhould annihilate all the Air 
in a Room, and not ſuffer any other to enter in its Place? 
We ſhould return for Anſwer, (not concerning our ſelves 
with what would come to paſs without the Room,) that 
the Walls would approach one another ſo near, that there 
would remain no Space betwixt them. 
3. ante 3. Perhaps it may be urged by ſome, that the Walls of 
8 Jp 3 a Room exiſt independent of what is contained between 
in making a them, and conſequently that they might continue 1n the 
Room, di- State they were, without approaching one another, though 


4 a A b 
Pr," what is between them were annihilated, To which ! 
that it is very true, that the Exiſtence of the 


2. What the 


ſion of the anſwer ; 
Hatter that Walls does not depend upon what 1s contained between 
is contained . a 
between them; but the State they are in, or the Diſpoſition of 
them, them, in order to compoſe a Room, this depends upon 
Extenſion, or ſome Matter which is between them, and 
conſequently, this Extenſion cannot be deſtroyed without 
| deſtroying che Diſpoſition which the Walls were in be- 
fore, though not the Walls themſelves. 
4. Secondly, We are to underſtand FG internal Place, 
3 or the Space which any Body poſſeſſes, (1) does not at all diff 
"fer from the Body it felf. And 83 when we ſay a 
Body changes its Place, we mean its external Place, that 
is, with regard to the Superficies of other Bodies with which 
it is ſurrounded, to the different Parts of which, it may be 
differently applied. 


4. What is 
meant by 


(t) Dees not at all differ, &c.) of the Phenomena of Nature. For 
This indeed is not true; but it makes the true Definition of Place. See the 
no difference as to the Explication Aotes on Chap. 10. Art. 2. 


5. Thirdly, 
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5. Thirdly, When a Body appears to take up more 5. How Bo- 
Room than it did before, without our perceiving any _ 8 
Matter to be added to it, which is what we call Rarefac- condenſed. 
tion, we conclude (1) that ſome very ſubtile Matter has 
entered into it, and-diftended its Parts. So likewiſe, 
when a Body appears to take up leſs Room than it did be- 
fore, without our perceiving any thing to be taken from 
it, which is what we call Condenſation, it is our Qpinion, 
that ſome imperceptible Matter 1s gone out of its Pores, 
and that by this means its Parts approach nearer to each 
other. For ſince Extenſion and Matter are to us the fame 
Thing ; we cannot conceive that a Body ſhould appear 
more or leſs extended, let the Manner be what it will, 
but that it muſt have more or leſs Matter. 

6. And this does not hinder, but that we may fay with 6. I= wwhae 
Ariſtotle, that a rare Body is that, which has but a little _—_ — © 
Matter, and poſſeſſes a large Space, and a denſe Body, is that a rare. 
that which poſſeſſes a ſmall Space, and has a great deal) Body 
of Matter ; or, which is the ſame Thing, that a rarefy'd aan, 
Body does not acquire any new Matter, nor a conden- 4 condenſed 
ſed Body loſe any of its own, For this imperceptible — loſes} 
Matter which we ſpeak of, ought to be conſidered as a a 
Thing that is foreign, and which does not at all belong to 
the Body it enters into, or comes out of, when it is rare- 
ty'd or condenſed. Thus when. Paſte is turned into Bread, 
it is raretyed before, and while it is baking, yet we don't 
lay, becauſe of this, that we have more Bread than we 
had Paſte ; though it is viſible, tit a great deal of Air is 
got into thoſe large Spaces which we call the Eyes of the 
Bread; becauſe, what is thus got in, is not what we call 
Bread : So alſo when we preſs the Crumb of the Bread 
in our Hand, and bring it to a leſs Compaſs ; though 
we are ſure that a great deal of Air is ſqueezed out of it, 
yet we don't ſay that there is leſs Crumb than there was 
before; becauſe there remains yet all that we call 
Crumb, and the Air which went out of it, did not be- 
long to it. | 

7. What we have now ſaid about Rarefuction, may be 5. Whence 
thought perhaps hardly to agree with what we experi- bg that 4 
ence in a Cheſnut, which, when put upon the Fire, r 
burſts with a Noiſe; for it may perhaps be imagined, ebe Fire, 


(1) That ſomewery ſubtile Matter, 
& c) When any Body is rarefyed, it 
is often very manifeſt, that its Parts 
are diſtended by the Entrence of the 
Air, or ſome more ſubtile Matter. 
But this does not follow from a Ple- 


num, but either from the Liquieneſs, 
or trom an elaſtick Force, or from 
Gravity and Preſſure, or from (ome 
zccidental Motion in that ſubtile 
Matter which enters into the Pores 
of the rarefyed Body. 
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that the ſubtile Matter which enters through the Pores of 
the Husk of the Cheſnut, may come out with the ſame 
eaſe as it enters 1n, without breaking, or making any 
Noiſe, But this Difficulty is eaſily reſolved, if we con- 
ſider, that it is not the foreign Matter that enters in, and 
comes out of the Cheſnut, which is the immediate Cauſe 
of the Noiſe ; but the more groſs Parts of the Cheſnut 
it ſelf, which are torn in Pieces, and put in ſuch Motion, 
(1) by the ſubtile Matter which enters the Pores like ſo ma- 
ny little Wedges, that they break the Husk with a Noiſe. 
2. Tarts 3. Fourthly, We conclude (2) that the World is indefi- 
World is mite, becauſe at how great diſtance ſoever we ſet its Bounds, 
indefinite. it is impoſſible for us not to imagine Extenſion to be ill 
beyond, Now Extenſion and Matter, being, as was ſaid 
before, the ſame Thing; we have no Notion of the 
World's being ſo big, but we can imagine it to be {till 
bigger. 
9. Thatitis 9. Fifthly, It is evident, that though we can fee no 
zmpoyjible Reaſon why there may not be many Bodies like to our 
— Earth, and capable of containing many Animals, as that 
ny Worlds, does; yet it is impoſſible (3) that there ſhould be many 
or 22 ; for this, in which we are, poſſeſſes all that Space 
which we are able to conceive. 
10. That the TO. Sixthly, Becauſe the Idea we have of the Extenſion 
. f of the Heavens is the ſame as that of the Extenſion of 
and of tb, Things here below, we ought to think (4) that they are of 
Bodies upon the ſame Kind ; and it is no Objection againſt this, to ſay, 
this Earth, that the Extenſion or Matter of the Heavens is brighter, 
— and not ſo mutable as that of Things here below, becauſe 
this Difference regards only the Accidents of Matter, and 


not the Hſſence of it. 


(1) By the ſubtile Matter, &c) known : Therefore it may very well 
Or rather by the included Air, de called indefinite till. 
which is very much rarefyed by the (3) That there ſhould be many 
Heat, and tears the Cheſqut in Worlds, &c.) It is evident, that 
pieces. there may be many Earths like this * 
(2) That the World it indtfnite, Globe of ours; that there may alſo 2 
&c.) From the Hypotheſis of a Ple. be many Syſtems of Stars and Planets W 


num, it muſt neceflari'y follow, that di ſpetied through the vaſt Immenſity cet 
the Worid i is really and truly infinite, of Space; but whether there be a Be 
nay, that it is uncreated and eternal, Plenum or no, the wwbole Univerſe, x 
(as was laid before.) But fince it 10 which may properly be called the it 
evident, that Extenfion may exiſt NM orlad, can of Neceſſity be but one. fro 
without Matter; whether the mate. (4) That they are of the ſame Kind, * 
rial World be infiaite or no, ſuch is &.) This is equally true, Whatever en 
the Shortneſs ef humane Underſtand- be the Eſſence of Matter. ex 


ing, that it cannot certainly be 


11. Laſtly, 


World, we cannot doubt, but that he is able to make 
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11. Laſtly, We cannot affirm, that a Veſſel filled with 17. Thar 
Lead (1) contains more Matter than if it were filled with 5 
Wax, though it be heavier ; for Heavineſs is not eſſential rain a 0a 
to Matter, but only Extenſion, which we ſuppoſe to be Qzanriry of 
equal in them both, | 3 

12. That Notion alone which we have eſtabliſned con- 12+ That the 
cerning the Effence of Matter, has been the only Princi- — 
ple we have made uſe of, to anſwer all the foregoing Que- mat: a Dif. 
{tions with ſo much Eafe ; whence there is Room to be- <overy of 
lieve, that we may with the ſame Eaſe give a ſatisfactory na; _ 
Anſwer to many more, if we reaſon in the ſame manner + 
about any of its Properties: The firſt that offers it ſelf is 
Diviſibility, which is the more copious, {becauſe all its Va- 
riety of Figures depend upon it. 


(1) Contains more Matter, &c.) we come todiſcourſe of the Nature of 
This is abſolutely falſe, as ſhall be Gravity. 
tully demonſtrated afterwards, when 


fofoFototototodotototototon:\>tototototototototo] 
CHAP: 
Of the Diviſibility of Matter. 


HEN we conſider a determinate Portion of Mat- . bat 
ter without Prejudice, and compare it with other Marrer is 
Portions of Matter with which it is encompaſſed, we ea- i 
ſily conceive that its particular Exiſtence is wholly inde- 
pendent of thoſe that are near it, and that it does not 
ceaſe to be what it is, by being joined or united to other 
Portions of Matter ; the firſt Portion of Matter there- 
tore is ſeparable from thoſe with which it is united ; and 
this ſhows the Diviſibility of Matter ; and the Poſſibility 
of having its Parts divided into ſtill leſſer Particles. | 
2. Indeed, when we conſider the Power of God, and 2, o Epi- 


his abſolute Dominion over all Things that are in the — - 
om, an 


: , that they are 
certain Parts of Matter of ſuch a Nature, that there is no really divi- 


Being in the Univerſe capable of dividing them; whence . 
it would follow, that theſe Parts would not at all differ 
from thoſe little Bodies, which Ep:curus calls Atoms : But 
this Property of not being capable of being divided by any 
external Being, is arbitrary, and not built upon any na- 
tural Principle, but only upon a mere Suppoſition, which 
does not alter their real Nature; and therefore we may, 
notwithſtanding this, hold it for certain, that all Matter 


15 


I na 
= Lis; 


3 · That Mat- 


ter 1s div 


fible in all 


Points that 
can be aſ- 


ſigned, 


4. That the 
Number of 
Points aſ- 
fignable in 
Matter, ts 
indefinite, 
and that 
Matter is 
indeſi nitely 
diviſible, 
Tab. I. 
Fig. 1. 
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is diviſible, The whole Difficulty in this Matter is, how 
many Parts a certain Portion of Matter can be divided 
into, 

3. In order to ſolve this Difficulty, we muſt remem- 
ber, that all the Variety that we can conceive to be in 
Matter, ariſes from the Forms which diſtinguiſh its Parts 
from each other; for of itſelf it is perfectly homogene- 
ous, that is, all alike, being only a Subſtance extended 
into Length, Breadth, and Thickneſs; wherefore we 
cannot but think, that whatever it is capable of in one 
Part, it is alſo capable of in all other Parts. As there- 
fore we cannot doubt but that it is diviſible in ſome 
Points, ſo alſo is it diviſible in all the Points that can be 
aſſigned. 

4. Now that the Number of Points which we can con- 
ceive in a determinate Quantity of Matter (an Inch for 
Example) is indefinite ; there are many Demonſtrations 
in Geometry to ſhow, one of which I ſhall give, which 
ſeems to me very eaſy. Let two indefinite Lines AB, CD, 
be drawn parallel to each other, and at an Inch diſtance; 
then the Line EF, which is perpendicular to them, and 
limited by them, will be alſo an Inch long. Then let 
the Point A, in the Line A B, be taken on the left 
Hand of the Line EF, and, if you will, at an Inch 
diſtance from it, on the Line CD to the right Hand of 
EF, let as many Points G, H, D, Sc. as you pleaſe be 
taken, and at any diſtance from each other; to which 
let as many ſtreight Lines be drawn from A; as A G, 
AH, AD. Then it is evident; that the Line AG will 
paſs through the Point I of the Line EF; that che Line 
AH will paſs through the Point L which is higher; and 
the Line AD will paſs through the Point M which 1s 


higher ſtill; and ſo on; and becauſe the Line CD is in- 


definite, and an indefinite Number of Points, ſuch as 
G, H, D may be taken upon it, it will follow, that Lines 
drawn from A to all thoſe Points, will mark an indefinite 
Number of Points on the Line EF different from each 
other, and which approach nearer and nearer to the Ex- 
tremity E, without any one of them ever paſſing through 
the Point E, becauſe the Line CD is ſuppoſed to be pa- 
rallel to AB. Wherefore, (becauſe the Length of EF was 
taken at pleaſure, and the ſame Demonſtration holds for 
any other Length whatſoever;) we muſt acknowledge, 
that an indefinite Number of Points may be aſſigned in 
any determinate Portion of Matter, and conſequently that 


5. This 


Matter is indefinitely diviſible. 
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5. This Truth may alſo be demonſtrated from this Con- 5+ 4nzther 
ſideration, that there are ſome Quantities that are incom- geo 
menſurable, that is, have no common Meaſure, Thus, 
ſuppoſe AB CD to be a Square, it may be geometrically mo J. 
demonſtrated, that the ſide AB, is incommenſurable to te 
Diagonal AC. Let us then imagine in our Minds the 
Line AB, which is an Inch long, ſuppoſe to be divided 
into an hundred Thouſand equal Parts, and every one of 
theſe into an hundred Thouſand other Parts that are equal 
alſo, and again, every one of theſe into a hundred I houſand 
other Parts equal to one another ſtill; we may go on in the 
Diviſion thus, for an Age together, without ever being 
able to come at Parts ſo ſmall, as to ſay, that the Line 
A C contains a certain determinate Number of them and 
no more. Now this could not be ſo, if Extenſion were 
not indefinitely diviſible ; for then after we had divided 
the Line AB, for inſtance, into as many Parts as it is 
poſſible for Extenſion to be divided into, the Line AC 
would neceſſarily contain (1) a certain determinate Num- 
ber of thoſe Parts. We muſt therefore conclude, that 
every Thing which is extended, and every Portion of 
Matter, is indefinitely diviſible. 

6. This Concluſion of Miſtotlès, hath been aſſented to 6. An 05+ 
by all his followers, except a very few ; and they depart- Jt 7 
ed from it only, becauſe they thought they contradicted ** hc 
themſelves: For, ſay they, it two Bodies be ſuppoſed un- 
equal, and if they can be divided indefinitely, it will fol- 
low, that the Number of Parts of which the one is com- 
poſed, is equal to the Number of Parts of which the 
other is compoſed ; and from thence it will follow, that 
they are both equal, which is contrary to the firſt Sup- 
poſition, ; 

7. But here is a double Miſtake. Firſt, they did not 7. 4% Aa- 
conſider, that Equality and Inequality are Properties of 57 — 
finite Things, which can be comprehended and compared 
together by human Underſtanding; but they cannot be 
applied to indefinite Quantities which humane Under. 
ſtanding cannot comprehend or compare together, any 
more than it can a Body with a Superficies, or a Super- 
ficies with a Line. But, if it could be faid, that of two 
unequal Bodies, divided in the foregoing Manner, as the 


(1) Al certain determinate Num- could be divided al: into them; fo 
ber, &c.) For if the Line chat one of thoſe ſmalleſt Parts w uld 
7ab. I. AB could be divided into be the common Mea ſure of the Lines 
Fig. 2. thoſe ſmalleſt Parts, the Line AB, AC, and of all other Lines. 
AC, and all other Lines 
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Line EF was divided, the Number of the Parts in the 
One, was equal to the Number of the Parts in the Other; 
we could not conclude from thence, (1) that the two Bo- 
becauſe the Parts of the one, 
are bigger in Proportion than the Parts of the other : 
There is therefore no Contradi&tion in this particular, but 
the foregoing Demonſtration holds in its full force. 

8. Others attack the indefinite Diviſibility of Matter, 
another way; by faying, that it would from thence fol- 
low, that a ſmall Portion of Matter, ſuch as a Cube, a 
quarter of an Inch high, might be divided into as many 
thin ſquare Pieces, as en cover the whole Globe of 
the Earth, if it were much bigger than it is; which, they 


dies themſelves were equal; 


think, is abſurd. 


9. But theſe have no more Reaſon of their Side than 
the other ; for their Objection is founded upon this ſingle 
Maxim of their own, That every thing is abſurd, which 
our Imagination can't comprehend : This is a very groſs Mi- 
ſtake, and unworthy of a Philoſopher, who cannot but know, 
that there are an infinite Number of Truths, 
certain our Comprehenſion cannot attain to. 


Part J. 


which it is 
Many Exam- 


ples might be given of this, but I ſhall content my ſelf 
with Two, both which * to the Subject we are now 


treating of, Di. 


The Sheets of Gold made by Gold- 


beaters, and the Gold Wire, made by Wire-drawers. 
10. In order to a clear Conception hereof, we muſt firſt 

know, that it appears by Experience, that the Weight of 

an equal Quantity of Gold and Water is as 19 to 2, fo 


=? 


Gold-beaters that if a Cubick Foot of Water weighs 71 Pounds, 


(1) That the tæus Bude: them: les 
are equal, &c ) What is 
Quantities decreaſing inflaitely litt e, 
may alſo be underito d of Qu ntities 
increaſing infinite y great; chat is, 
Qantities infini ely 9 eat, ore not 
therefore a)) equa Ito each other. For 
a Line drawn from a point ir fiutte- 
ly. one way, is bu! halt a Line a:awa 
fiom a point infinitely, two ways: 
And a Nectang e of an infinite 
Heigth, upon a tinite Bae, may be 
, >, &c. of a Rectangle cf an 
infinte Height alſo, up n a propor- 
ticnable Baſe. And, in Heter genes 
cus Quantities, aa infinite Line, is 
not only not cual, but 1s infinitely 
leſs than an infinite Superficies ; and 
an infinite Supe: ficies, than an infi- 
Nite ſolid Space. And in a ſolid Spaòe, 
a Cylinder infinite in Length, is not 


id of 


on'y not equal in Quantity, but is 
teally infinitely lets, than an infinite 
ſolid ſpace of two Dimenſions, wiz. 
Length and Breadth; and an infinite 
folid Space of two Dimen ſions, is 
infinitely els than aninfiite $ pace of 
all the Dimer.fions. Wherce, by the 
way, it appears, how weakly they 
argue, who, becauſe Space (and the 
ume is true of Daration) may be di- 
vid:d into iIngumerable Ports which 
are unequal; zund in infinite Space 
r Duration) the Number of the 
preatelt Parts is as much infinite as 
that of the leaſt 3 which they think 
abſurd, becauſe they believe all In 
tin:tes to be equal in every windy 
conclude from hence, that there cau 
be no ſuch Thing at all as Infinite 
ace or Duration.) 


(1) a cu- 
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(1) a cubick Foot of Gold will weigh 1349 Poundsor(2) 
21584 OQunces. (3) Now a cubick Foot contains 
2985984 cubick Lines, and therefore (4) an Ounce of 
Gold contains 138211 cubick Lines. Wherefore an 
Ounce of Gold, reduced into the Form of a Cube, will 
be (5) very near 5 5 Lines high, and its Baſe (6) about 
2643 ſquare Lines. This being fo, the next Thing to 
be known, is, that the Gold-beaters make out of an Ounce 
of Gold 2730 whole Leaves of 34 ſquare Lines each, be- 
a ſides what they call the Waſte, which is the ſmall Shreds 
1 that are cut off, and amount to almoſt half: The Super- 
of ficies of (7) every one of theſe Leaves is 1156 Lines ſquare, 
3} ſo that if they were all placed regularly by one another, 
they would (8) make one Superficies of 3155880 ſquare 
an Lines; to which if we, add (9) but a third Part, which is 
ge the leaſt that goes into Shreds, it will follow, that a Gold- 
„ W beater makes out of an Ounce of Gold 4207840 ſquare 
Lines. Now ſince this Superficies (10) exceeds the Baſe of 
y, a Cubeof Gold of an Ounce weight 159092 times, it is 
s certain, that That Cube, which, as was ſaid before, did 
a- WM not exceed 54 Lines in Height, is divided into 159092 
1f WW ſquare Leaves. 
= 11. Though this Diviſion of Gold be very ſurprizing, 11, The Di- 
d- vet it is very far ſhort of what is done by Wire-drawers. 8 


I have ſeen ſeveral Ingots of Silver in the Figure of Cy- drawers, 
t linders, which weighed eight Pounds a piece; one of 
of them, which ſeemed to me more regular than the reſt, 


ſo 
8 (1) A cubic Foot of Gold, &c.) Is very nearly 55 though 5 is ſtill 
2 8 1 a — 1” ) Fer 16 nearer. For the Cube of 5 is 
a NC e r 7 2 of 
is Ounces make a French Pound! See 127775 ; And the Cube of ** 
ite Preſtet. Nouvel. Elem. Mat bemat. 3. 3677 | 
: Edit. 1. part. lib. 2. Pag. 55. (6) About 2622 ſquare Lines) 
ite (3) Now acubic Foot) The Propor- For the Square of 57 is pretty 
is tion between a Line and a Foot, is nearly 262.2 
of as I to 144; now in this continued 418 thele L F 
de gcometrical Proportion, the Number = (41740 at wt þ — beſer to 
ex is 293 5984: There fote becauſeCubes by 4.4 Eats the Square of which is 
he are in a triplicate Ratio of their Sides, 11 56 , 
di- a cubic Line is to a cubic Foot, as 1 ; . 
1 . 85 ho S ces) Mult! ] 
ch to 298 5984, that is, a cubic Foot Re — ron 3 
=o contains 298 5984 Lines. one Leaf, by 2730 the Num er of 
_ F (4) An Ounce of Gold) A cubic Leaves; ard it will make 3155880. 
55 — of Gold, which weighs 21584 (9) But e third Part) To which 
nk 2 contains 298 5984. cubic Superficies, if we add a third Part of 
n mes; therefore by the following 17 8880, chat is, 1051960 it will 
& 5 Proportion, it is, 21584 Ounces * * I 4207840 4 
au 9 1: 1 Ounces (10) 22 the Baſe) that is, the 
ite 13877477 cubic Lines. Sup=rficies 4207840, contains the 
(5) Very near — Lines bigb) Baſe ot that Cube, or 26371 59092 
For the Cube Root of 138 271 22 times. 
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was two Foot and eight Inches long, and two Inches and 
nine Lines about; ſo that (1) the Cylindrical Superficies 
was 12672 ſquare Lines. After this Superficies was co- 
vered over with ſeveral Leaves of Gold, which all together 
weighed halt an Ounce; the whole Cylinder was drawn 
through Holes made in a Plate of Steel, till it became 
ſuch as the ſmalleſt Wire that is made in this City; I took 
25 Fathom or 150 Foot of it, and weighed them in an 
exact pair of Scales, and found that they weighed but 36 
Grains, wanting about z of a Grain. Wherefore (2) the 
whole Cylinder ought to have been drawn into a Wire of 
397200 Foot long: W hence it follows, (3) that ĩt is 115 200 
times longer than it was before, and that its Superfic ies is 
become (4) three hundred and forty times as much. To 
which if we add, that when this ſmall Wire is made into 
a thin Plate, to cover Silk with, (5) the Superficies is twice 


{1) Toe Cylindrical Superficiei For 
two Feet and eight Inches (that is 
384 Lines) which is the Height of 
the Cylinder, multiplied by two 
Inches and nine Lines (that is 33 
Lines) which is the Circumference 
of the Baſe, makes 12672, 

(2) The abe Cylinder) Firſt let 
the whole Cylinder (which, as was 
laid before, was 8 p.unds) be redu- 
ded into Grains. 


8 Pounds by 16, 
* which makes 128 
| Ounces. 

128 Ounces by 8, 
which makes 1024 
Drechms, 
| 1024 Drachms by 
g | 4. wh ch ma 
dy nulipying 2072 — 
| 3072 Scruples by 2, 
which mak s 6144 
half Scrupl-s. 
6144 half Scr ples 
by 12 7 which 
makes 73728 


(313105, 


Tien by the following Proporti- 
on; 36 Grain: 150 Feet: : 73728 
Grain: 307200 Feet. 

(3) That it 15 115200 times langer) 
For multiply 2 Feet and eight Inches 

_ {which is the Length of the Cylinder) 
er 32 Inches by 115200, and it will 
make 3636400 Inches, that is, 
397200 Feet (the length of the 
whole Wire) 


as 


(4) Three bundred and forty ti met 
ar much) Let the whole Cylinder of 
Silver which is to be drawn into 
Wire, be called A, ard ſuppoſe ano- 
ther Cylinder B of an equal Baſe, 
but 115200 times higher, and let 
the Cylinder of Wire be called C. It 
is manifeſt that the Superficies of the 
Cylinder B, and the Superficies of 
the Cylinder A, are to one another 
as 115200 to 1, that is, as the 
Height of the Cylinder B to the 
Heighr of the Cylinder A, that is, 
as the Baſe of the Cylinder A, to the 
Baſe of the Cylinder B, ( for the 
Baſes of cqual Cylinders are recipro- 
cally as their Heights) chat is, as the 
Baſe of the Cylirder B, to the Bafe 
of the Cylinder C. Now if we ſup- 
poſe, according to Cavallerius's Doc- 

trine of Indiviſibles, that the Super- 
tic je of Cylinders confiſt of an infi- 
nite Number of Circumferences of 
Circles equal to the Baſes, then the 
Superhicies of the Cylinder B, will be 
to the Superficies of the Cylinder C, 
25 the Circumterences, or as the Ra- 
dius's of their Baſes ; now the Radi- 
us's are to one another in a ſubdupli- 
cate Ratio of the Area's of the Cir- 
cles: If therefore the Superficies of 
the Cylinder B, be ſoppoſed 115200, 
the Super ficies of the Cylinder C will 
be a mean Proportional between 


115200 and 1 (that is, 340 very 


nearly) and the Superſicies of the 
Cylinder A will be 1. . E. D. 
(5) The Superficies ii twice as biy) 


Ii the Cylinder be made flat, its 


whcle 
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as big; ſo that it then is encreaſed to ſix hundred and 
eighty times as much as it was at firſt, (6) and therefore 
contains 8616960 ſquare Lines. Now after this Wire is 
made into ſo thin a Plate, its Superficies is ſtill covered all 
over with Gold; ſo that only half an Ounce of Gold 
with which the Plate is covered, is made fo thin, that its 
Superficies is 8616960 Square Lines. (7) Which Super- 
ficies exceeds 325795 times the Baſe of a Cube of Gold 
of an Ounce weight, and twenty fix ſquare Lines and 33 
in Breadth ; from whence it follows, that the "Thickneſs 
of the Gold which the Silver Plate is covered with, is not 
above 327 (8) of half the Height or 357335 of the 
whole Height of a Cube of Gold of an Ounce weight ; 
ſo that the Quantity of 55 Lines is divided into 651590 
equal Parts. | 

12. If we conſider further, that Gold is capable of be- 12. Thefore- 
ing divided {till more, if there were any Occaſion for it; ou ons 
and above all, if we conſider that what we have now ex- te Diwfion 
amined is done by Men, and with Inſtruments that are Y Matter, ' 
very groſs and dull, and that there are in Nature many = 1 
Things, which are vaſtly more fine and ſubtile; we ſhall Judgement 
clearly ſee, that what exceeds our Imagination, is not % Power 
therefore impoſſible ; and that it is not for us to preſume, 7 ©: 
as many do, to ſet Bounds to the Power of God. 

13. Laſtly, we are carefully to obſerve, that That Di- 13. That 
viſion which we make in our Minds and Imaginations, ©” _ 
makes no Alteration at all in Matter, but that all real irbet M:- 
Diviſion ariſes from Motion; that is, in order for a Por- ien. 
tion of Matter to be really divided from that ts which it is 
united, it muſt neceſſarily be ſeparated from it. And 
hence it is, that Mation is ſo neceſſary, and the Knowledge 
of it ſo uſeful, that Ariſtotle ſays, that he who does not 
underſtand Motion well, muſt neceſſarily be ignorant of 
all natural Things. 


whole Superficies is made into two 
Parallelograms, which becauſe they 
lie one upon another, ferm a thin 
Parallelepipedon, capable of being 
made as thin again, which is done by 
the Work men, who beat it as thin as 
they can, ſo that the Superficies of 
the Cylinder is thereby doubled. 

(6) And therefore contains) Multi- 
ply 12672, the Superficies of the 
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Silver before it is beate n, by 680, and 
it will make 8616960. 

(7) Which Superficies exceeds) di- 
vide 8616960 by 26.2.3 and it will 
make 325795- 

($) Of balf the Heigbt) Becauſe the 
Gold with which the Silver Wire is 
covered was on y half an Ounce, that 
is, half a Cube of Gold of an Ounce 
Weight. 
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Of Motion and Reſt, 


ECAUSE it is eaher to underſtand what Motion 

is, by Experience, than to give a Definition of it, 
or to find out the Cauſe, I ſhall here make uſe of a fa- 
miliar Example, agreed upon by all, which may ſerve to 
explain to us the Nature of Motion, 

I. Suppoſe a Man in a calm day walking on Foot in 
a Park planted with Trees, and that at the Beginning he 
is obſerved to be between the firſt Trees in the Walk, 
and then between the Second, and ſo to continue on 
walking till he comes at the End; no Body doubts but 
the Man thus walking moves, and that every Step he takes 
is a real Motion. Conſider now, that the Motion of 
this Man is ſomething new, which was not in him be- 
fore; and then if we take an exact Account of what we 
conceive to have come to him ſince he began to be mo- 
ved, and reject every Thing which we certainly know is 
not Motion, we are ſure that what remains, is, without 
doubt, the T hing, we enquire aſter, and that this will ſhow 
wherein Motion properly conſiſts. | 

2. Now becauſe we do not acknowledge a Vacuum, as 
Democritus and Epicurus did, therefore we cannot ſay with 
them, that this Man which we are ſpeaking of, applies 
himſelf to different Parts of Space, becauſe we do not 
diſtinguiſh Space from Matter as they did; wherefore in 
the Example now mentioned, there are three Things to 
be conſidered by us. Firſt, The Deſire of walking in 
the Man: Secondly, the Effort he makes to put this 
Deſire in Execution: And Thirdly, The Correſpondence, 
or the ſucceſſiue Application of the external Parts of this 
Man, to the different Parts of the Bodies which encom- 
paſs him, and immediately touch him. Now it is evi- 
dent, that the Defire which this Man bas, is not the Mo- 
tion of him; for Defire is nothing but Thought, and we 
acknowledge many Things to be moved, which we do 
not allow to have any Thought. Solikewiſe we ought not 


to think, that the Motion of the Man conſiſts in the Ef- 
fort which he makes towards Walking: For though we 
may truly ſay, that all Bodies which move, have an Ef- 
tort (as we know they ſometimes have, though they do 
not move) yet we arc rather to think, that this Effort of 
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the Cauſe of the Motion, and not the Motion it ſelf, 
Nothing therefore remains but that Motion conſiſts in the 
(1) ſucceſſive Application of a Body ts the different Parts of 


thife Bodies which are immediately about it; whence it 
follows alſo, that the Ref? of a Body, is the continual Appli- 
cation of that Body to the ſame Parts of thoſe Bodies which 


are about it and immediately touch it. 


D 4 


(x) Succeſſive Application f a Bo- 
dy, &c.) The Diſpute about the Na- 
ture and Definition of Mot ion, a- 
mongſt the Writers of Philoſopby, 
has always been very perplexed. I 
ſuppoſe, becauſe, not ſufficiently at- 
tending to the different Senſes of an 
ambiguous Word, they endeavoured 
to comprehend bat in one Definiti- 
on, which ought to have been very 
exactly diſtinguiſhcd into its d.fter- 
ent Parts. That Motion (or rather 
the Effect of Motion) in general, 
isa Tranſlation of a Body from one 
Place to another, is pretty well a- 
greed amongſt them all. But what 
is meant by being tranſlated from one 
place to another, here the Contro- 
verſy lies, and Philoſophers differ 
widely, They who define Motion by 
comparing the Thing which is moved, 
not with theBodies that encompaſs it, 
bot only with Space which is im 
moveable and infinite, can never 
know or underſtand, whether any 
Body at all reſts, nor what the abſo- 
lute Celerity of thoſe Bodies that are 
moved is; for beſides, that this whole 
Globe of the Earth revolves «bout 
the Sun, it can never be known whe- 
ther or no the Center of this whole 
Syſtem, in which all the Bodies re- 
lating to us is contained, reſts, or is 
moved uniformly in a ſtreight Line. 
Again, they who define Motion, by 
comparing the Thing which is mo- 
ved, not with infinite Space, but with 
other Bodies, and thoſe at a very great 
Diſtance, theſe neceſſirily make 
ſome Body the Mack by which all 
Motion is to be meaſured ; which, 
whether it ſelf is at reſt, or, with reſ- 
pect to Bodies at a ſtill greater di- 
tance, is moved, is impoſſible to be 
known likew'ſe. Laſtly, They who 
define Motion by comparing the 
Thing which they ſay is moved, not 
with diſtant Bodies, but only with 
that Superficies which immediately 
touches it; it is very weak in them 
to ſay, that thoſe Things are truly 
at reſt, which being connected with 


3. It 


the Particulars of other Bodies, are 
moved w'th the greateſt Swiftneſs ; 
as the Globe of the Barth which is 
incompaſſed with Air, and revolves 
about the Sun. And on the contra - 


ry; that they only ein be ſaid to be 


moved, that with the utmoſt Force, 
and Reſiſtance which they can make, 
can do no more than bare'y hinder 
themſelves from being carried along 
with other Bodies, as Fiſhes which 
ſtrive againſt the Stream, 

But if we rightly diſtinguiſh the 
difterent Senſes of the ambiguous 
Word, this whole Miſt will immedi- 
ately vaniſh. For a Thing in Mo- 
tion, may be conſidered in three 
ReſpeQs ; by comparing it with tbe 
Parts of infinite and immoveable 
Space, or with Bodies that ſurround 
it at a diſtance, or with that Super- 


fictes which immediately touches it. 


If theſe three Conſiderations be ex- 
actly diſtinguiſhed into their ſeveral 
Pars, all future Diſputes about Mo- 
tion will be very eaſy. Firſt then, 
a Thing in Motion may be compared 
with the Parts of Space: And, be- 
cauſe the Parts of Space are infinite 
and immoveable, and cannot under- 
go any Change like Matter; therefore 
that Change of Situation, which is 
made with re p d& to the Parts of 
Space, without any regard had to 
the Bodies, which encompaſs it, may 
rightly be called, abſolutely and truly 
proper Motion. Second'y, a Thing 
in Motion may be compared with 
diſtant Bodies, and becauſe a Body 
may in this manner be transferred 
along with other Bodies which im- 
mediately ſurround itz therefore that 
Change of Situation which is made 
with reſpect to thoſe Bodies which 
are at a diſtance, and not to thoſe 
which are near, may properly be 
called, relatively common Motion. 
Laſtly, a Thing in Motion, may be 
compared with theSuperficies of thoſe 
B dies which immediately touch it: 
And becauſe, whatſoever 1s thus mo- 


ved, may poſſibly have no abſolute 
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3. It is to be obſerved here, that when we ſpeak of 
Motion or Reſt, we always mean an immediate Applica- 
Body be in tion, and have no Regard to the Relation a Body ſtands 


in to Things at a diſtance, 


any further than to conſider 


ſuch ſort of Relation as a mere external Denomination 


or common Motion at all (as if an 
Arrow were ſhot towards the Weſt, 
with the ſame Swiftneſs, that the 
Earth turns towards the Eaſt;) and 
on the contrary, that which in this 
reſpect is at reſt, may really be 
transferred with both abſolute and 
common Motion (as Bodies hid in the 
Bowels of the Earth) therefore that 
Change of Situation which is made 
with reſpect to thoſe Superficies, 
which immediately touch the Thing 
moved, may rightly be called Motion 
relatively profer. 

Firſt, Abſolutely ond truly proper 
Motion, is the Application of a Body, 
to the different parts of infinite and 
immoveable Space, And this is in- 
deed alone abſolute and proper Mo- 
tion, which is always g-nerat-d and 
changed by the Forces impreſſed up- 
on the Body that is moved, and by 
them only; and to which alone are 
owing the real Forces of all Bodies to 
move other B dies by their impulſe, 
and to which they are in proport on 
(See Newt. Princip. Book I. Def. 
2,.—8.) But this oy true Mction 
cannot be found out or determined 
by us, nor can we diſtinguiſh when 
two Bodies any way ſtrike againſt 
each other, which the !rue Motion, 
and conſequently the tre Force 
from whence that Impuiſe ariſes, 
belongs to; whether to that which 
ſeems to us to move ſwifteſt, cr to 


that which moves ſloweſt, or per- 


haps ſeems to be quite at reſt ; be- 
cauſe it cannot be demonſtrated whe- 
ther the Center of Gravity, as was 
ſaid before, or of the whole Syſtem 
(which we may preperly encugh de- 
fine to be, One Point in Infinite 
Space,) be at reſt or no. 

Second'y, Motion relatively common 
is the Change of Situation ⁊ubich 1. 
made with reſpect, not to thoſe Bodies 
Tobich are neareſt, but to ſome that are 
at a diſtance. And this ſort of Motion 
we mean, when we ſay, that Men, 
and Trees, and the Globe of the 
Earth itſelf revolve about the Sun: 
And we mean this Moticn alſo, 


only 


when we conſider the Quantity of 
Motion, or the Force of a Body in 
Motion to ſtrike againſt any Thing. 
For Example, when a Ball of Wood, 
with a piece of Lead in it to make 
it heavy, is thrown out of our Hand, 
we commonly reckon the Quantity 
of Motion, or the Force with which 
the Ball ſtrikes, from the Celerity of 
the Ball, and the Weight of the in- 
c\uded Lerd together. I ſay we com» 
morly reckon it ſo, and indeed truly, 
with reſpect to the Force itſelf, or 
any ſen ſihle Effect of it; but whe- 
ther that Force or true Motien be 
really in the Ball that ſtrikes, or 
in the Earth which ſeems to be 
ſtruck ; this, as was ſaid before, 
we cannot certainly determine. 
Loſtiy, Motiin relatively proper, is 
th ſuc, i ve Application of a Body fo 
the different Parts of Bodies which 
immediately touch it. And this is 
the Motion we generally mean in 
Philoſophical Diſputes, where we en- 
quire into the Nature of particular 
Tivags, as when we ſay, that Heat 
or Scund, or Liquione!s, conſiſt in 
Mo'ion. But p rticular Notice ougE t 
to be taken, that the ſucceſſive Appli- 
cation of a Bedy, is ſo to be under- 
ſtood, that it is to be applied ſuc- 
ceſſively to the different Parts of the 
Bodies immediateiy touching it, with 
its whole Superfici:s taken toget ber 
(Par tout ce qu'il a Hexterieur, as 
the French expreſſet it;) as when a 
Ball that is thrown, glides againſt 
the different Parts of the Air with 
its whole Superficies ; and when our 
Hand is moved up and down, it is 
ſucceſſively applied with its Whole 
Super ficies, to the d fterent Parts of 
the Air on the one Se, ard of the 
— by which it is faſtned to the 
y on the other Side. It was to 
no purpoſe therefore for Mr. Le Clerc 
to find fault with this Definition, 
in his Phyſ. lib. 5. Chap. 5. It will 


follow, ſays he, that the Banks and 


the Channel of the River are as 
much moved as the Water, becauſe 
they are a far removed frim the 
Water 
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only, which makes no Alteration in the Thing, and which 
is nothing real in the Subject under Conſideration, Thus, 
the Man whom we ſuppoſe walking amongſt the Trees, 
may alſo keep at the ſame diſtance from the fame Parts of 
the Water that runs in a Canal juſt by, and yet we don't 
ſay that he is at ret ; and another Perſon fitting in the 
Walk, may be againſt difterent Parts of the Water, and 
yet we don't ſay that he is in Motion. Whenceit follows, 
that they are very much miſtaken, who, in order to de- 
termine whether a Body be at Reſt, or in Motion, com- 


Water that runs by, as the Water is 
from the other Parts of the Channel 
and Banks, But the Caſe of the Wa- 
ter is very different from that of the 
Banks. The whole Superficies of 
the Water is ſucceſſively applied to 
different Parts of the Bodies which 
ſurround it, and immediately touch 
it, and therefore is transferred from 
ſome of thoſe ſurrounding Bodies to 
others. But the Banks are partly fix- 
ed to the Earth, and therefore are 
not transferred from thoſe Bodies 
which immediately ſurround them- 
For when we fay, that a Body is 
transferred, we mean that the Whole 
of it is transferred. Wherefore an I- 
fland ſticking up in the middle of a 
River, is not moved (not ſo much as 
with this mere relative Motion) tho” 
the Water ſlides by it, becauſe it is 
firmly fixed in the Earth, and is not 
transferred from that which imme- 
diately touches it. So a Body equal- 
ly poiſed in a Liquor whoſe Parts 
run upon it with equal Force, is not 
moved ; becauſe though every par- 
ticular Part of the Superficies of it 
be every Moment applied to diffe- 
rent Parts of the Liquid that ſur- 
rounds it, yet the whole Superficies 
of it is not transferred at once from 
the concave Superficies of the Parts 
which ſurround it, conſidered as one 
whole Superficies- 

Further, according to theſe diffe- 
rent Definitions of Motion, are we to 
underſtand the Word Place in dif- 
ferent Senſes. For when we ſpeak 
of truly or abſolutely proper Motion 
(or Re; ) then by Place we mean, 
that Part of infinite and immeveable 
Space which tbe Body poſſeſſes ; when 
we ſpeak of Motion relatively com- 
mon, then by Place is meant, a Part 
of ſome particular Space or moveable 


Dimenſion, which Place itſelf is 


pare 


truly and properly moved, along with 
that which is placed in it : And when 
we ſpeak of Motion relatively proper 
( which indeed is very improper ) 
then by Place, is meant the Superfi- 
cies of the Bodies (or ſenſible Spaces) 
which immediately ſurround the thing 
moved, As to the Definition of Ref, 
all are very well agreed in it : But 
whether Reſt be a mere privation of 
Motion, or any Thing p»fitive, this 
is ſharply diſputed. Cartes and ſome 
others contend, that That which is 
at Reſt, has ſome kind of Force, by 
which it continues at Reſt, and 
whereby it reſiſts every Thing that 
would change its State; and that 
Motion may as well be called a Ceſ- 
ſation of Reſt, as Reſt is a Ceſſation 
of Motion. Malebranch in hit Es- 
quiry after Truth, Book 6. Chap. 9. 
and ethers, contend on the contrary, 
that Reſt is a mere privation of 
Motion ; their Arguments may be 
ſeen briefly explained in Mr. Le 
Clarc's Phyſ. Book 5. Chap. 5. One 
Thing only I would obſerve by the 
way, relating to this Matter,and that 
is, that Malebranch and Mr. Le 
Clerc, who follew his Opinion, in 

the following Argament, beg the 
Queſtion. Suppoſe, ſay they, a Ball 
at reſt ; ſuppoſe that God ſhould ceaſe 
to Will any Thing concerning it; 
what won'd be the Conſequence ? 
It would be at reſt ſtill. Suppoſe it 

be ia Motion; and that God ſhould 

ceaſe to Will that it ſhould be in 
Motion, what would follow then ? 

It would not be in Motion any lon- 

ger. Why not? Becauſe the Force, 

whereby the Body in Motion continu- 

ed in the State it was, is the pyſitive 

Will of God, but that whereby it is 
at Reſt is only privative : This is a 
manifeſt begging of the Queſtion. In 
reality, the Force or Tendency by 
which 
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pare it with immoveable Parts which they imagine to be 
beyond the Heavens, where it is very uncertain, whether 
there be any Parts of Matter more immoveable than thoſe 
near us. 
4. Are 4. Having thus explained the Nature of Motion and 
mar kabl' In- Reſt ; when we fee a Fiſh in the River keeping it ſelf for 


Harde f © ſome time right againſt the ſame Part of the Bank, and 


EB ody in Mo- g 8 5 0 . . 
tion, and of neither the Stream which ſurrounds it, carrying it down- 
eber ward, nor its own Force, by which it ftrives againſt the 


5 
tort of Mo- 
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2 Stream, carrying it upward, we ſay that it is really in 
Motion, becauſe it really agrees in every particular, with 
another in a Pond, which is by all allowed to be in Mo- 
tion; for the Effort of the Former, makes it to be ſuc- 
ceſſively applied to the different Parts of the Running 
Stream, in the ſame manner, as the Effort of the Latter, 
makes it to be applied to different Parts of the Water in 
the Pond. On the contrary, when we ſee a Stake float- 
ing on the Water, and carried along with the Stream, we 
ſay that it is at Reſt, becauſe it is incompaſſed with the 
ſame Parts (which is the general Reaſon why we ſay a Bo- 
dy is at Reſt) though at the ſame time, the Stake and the 
River together, are but one Thing in Motion. 

5. That to 5. When a Fiſh that moves itſelf in the manner now 

refift ſome deſcribed, is not carried along with the Stream, we are 

„ :, uſed to fay, that it reſiſts the Stream; ſo when a Body by 

move e. its Refiſtance, hinders itfelf from being carried along with 

wards tbe another Body with which it is entirely ſurrounded, we 

8 may as well ſay, that it moves the contrary way. 

< "hae 6. Becauſe we cannot conceive any Application to 

Aeon and different Parts, without ſuppoſing a Body ſo applied, fo 

e 5 that Motion depends neceſfarily upon the Thing moved; 

"2... e therefore we are not to think that Motion is any real Being, 

are bach of but only a Mode of the Body in Motion; and fo likewiſe, 

ben but that Reſt is only a Mode of the Body which is at Reſt. 

e, 7 Whence it follows, that Motion and Reft add nothing 
more to the Body in Matias or at Re, than Figure does 
to a figured Body ; and fince a Body may either be moved 


wh'ch Bodies, whether in Mition or all Bodfes re ſiſt in proportion to their 
at Re, continue in the State in Denſity, that is, w the Quantity of 
which they once arc; is the mere Matter contained in them; and 
Inertia at Matter 5 and theref re if eve'y B dy ſtriking upon another 
it could be, that God ſhould forbezr with a given Velocity, whether that 
willing at all; a Body that is once other be greater or leſs, moves it in 
in Motion, would move on for ever, proportion to the Denſity or Quantity 
as well as a Budy at Reſt, continue of Matter in the one, to the Den- 
at Reſt for ever. And the Effect of ficy or Quantity of Matter in the 
this Inectia of Matter is this; that other, 
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or not moved; we conclude, that Motion and Reſt are 


only accidental to Matter. 


cies of Quantity, which is meaſured partly by the Length 
of the Line, which the Body in Motion runs; for Ex- 
ample, when a Body of a given Bigneſs, ſuppoſe a Cubic 
Fix, moves a given Space, ſuppoſe /zxty Fort, we call this 
a determinate Quantity of Motion, and it is twice or thrice 
as much, if the ſame Body runs 120 or 180 Feet. 


8. It is alſo partly meaſured (t) by the Quantity of Mat- 8. Anoeber 
ter which moves together: For Example, If a Body 
two Cubic Feet runs thro? a Line fixty Foot long, it has twice 2uewiry of 


as much Motion, as a Body of one Cubic Foot, which runs 
through the ſame Line: For it is evident, that we ought 
to reckon as much Motion, in each half of the Body of 
two Feet, as in the whole Body of one Foot. 


9. Whence it follows manifeſtly ; that in order for 9. He two 
unequal Bodies to have equal Quantities of Motion, the e,, Bo- 


Lines which they run through, ought to be in reciprocal , 


Proportion to their Bulk. Thus, if one Body be three Quan 
times as big as the other, the Line which it runs through, Motion. 


ought to be but a third Part of that of the other. 


10, When two Bodies hung at the Ends of a Balance 10. How 


or Leaver, are to one another, in reciprocal Proportion 
to their Diſtances from the fixed Point; they muſt ne- 


ceſſarily, when they are moved, deſcribe Lines which are Balance 


to each other, in reciprocal Proportion to their Bulks. 
For Example: If the Body A be three times as big as the 


Body B, and theſe Bodies be fo faſtned to the Ends of the Fig. 3. 


Leaver AB, whoſe Point C is fixed, that the Diſtance BC 
be three times as much as the Diſtance AC, the Leaver 
cannot incline either to the one Side or the Other, but 
the Space BE along which the leſſer Body is moved, will 
be three times as much as the Space AD along which 
the greater Body is moved; wherefore the Motion of the 


(1) By the Quantity of Matter) 
That is, of the Matter which be- 
longs properly to the Body in Motion; 
For, the ſubtile Matter, if there be 
any ſuch Thing, with which the ſmall 
Pores of terreftrial Bodies are filled, 
is not transferred along with them, 
with the ſame common Motion; 
Therefore if a Ball of Iron, and a 
Ball of Wood of the ſame Bigneſs 
be moved with the fame Celerity, 
there will be more Motion in the 
Ball of Iron, than in that of Wood. 
So Likewiſe, if two equal leaden 


* 


Balls, the one ſolid, the other hollow 
and empty, be moved with che ſame 
Celerity; the ſ-lis Ball will have 
more Motion than the hollow One, 
and will ſtrike a Body againſt which 
it is thrown with greater Force. And 
the Quantity of Matter which js pro- 
perly contained in any Body is to be 


determined by its Weight. Where - 


fore the Quantity of Motion is not 
to be meaſured by the Celerity and 
Bigneſs, but by the Celerity and 
Weight of the Body in Motion; 
which is carefully to be obſerved. 


one 


7. How to 


7. Motion has always been acknowledged to be a Spe 


of Vay to mea- 


44 


11. The 


Reaſon why an inverted Siphon, whoſe Tubes are wider one than the 


Lues tals other; if we imagine the Height of the Liquor in each 
lance each * wy 


otber, 


Tab. I. 
Fig. 4+ 


ſome external Cauſe, 
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one Body, will be exactly equal to the Motion of the 
Other. This being ſo, there is no Reaſon to think, that 
the Body A, with four Degrees, ſuppoſe, of Motion 
downwards, ſhould lift up the Body B with four Degrees 
of Motion, rather than the Body B with four Degrees of 
Motion tending downwards alſo, ſhould lift up the Body 
A with four Degrees of Motion; wherefore we ought to 
think that they will be in æguilibrio. (1) And this is 
the Foundation of Mechanichs. 

11. So likewiſe when any heavy Liquor is contained in 


Jube to be divided into a great many equally thin Planes, 
one of theſe Planes in either Tube, cannot by ſinking 
raiſe the Liquor in the other Tube, but the Sinking and 
the Riſing muſt be in reciprocal Proportion of the Quan- 
tity of Parts which fink to thoſe which riſe. Thus, if tom 
the Width of the Part AB, the larger Tube of the Si- — 
phon ABCD, be a hundred times as much as the Width 


12. Since 


acd 
of the Part C, the ſtraiter Tube; and conſequently, the the 
Quantity of the Parts of the Liquor in the Plane AB, a 8 
hundred times as many as the Quantity of Parts in the th: 
Plane C; then the Rifing or Sinking of the Parts on the 71 
Side AB, will be to the Riſing and Sinking of the Parts on ke 
the Side C, in a centuple reciprocal Proportion: Where- t 
fore the Motion of all the Parts in the Tube AB is ex- ne 
actly equal to the Motion of all the Parts of the Tube C. n 
50 that they in the one, are no moreable by ſinking, to raiſe 
thoſe in the other, than theſe Latter are able by ſinking : 
to raiſe the Former. Whence it follows, that if each p 
Tube be divided into an equal Number of Planes, that 2 
is, if the Liquor be of an equal Height in them both, 
(2) it muſt keep it ſelf in æguilibris, unleſs diſturbed by | 


(T) And this is the Foundation of 
Mecbanicks) Upon this is built that 
famous Problem of Arcbi- 


riſes, is fully explained below in the 
Notes on the 14th Chap. Artic. . 


(2) It mult keep it ſelf in æquili- 


Tab. I. mides, As Teo 5 © Tw 
Fig. 3» 990. vun a, To move a gi- 

wen Weigot with a given 
Force: For by increaſing the D- 
ſtance C8, the Force of the Body B 
may be increaſed infinitely. For the 
manner how this is done by increa- 
ting the Number of L-awvers, Wheel:, 
Pulleys, Screws, &c. See Within's 


Mathematical Magick, and others. 
The Force of every one of which 


Mechanick Pawers, and whence it a- 


brio) Hence it follows, That all Li- 
guors preſs upon Bodies 
that are under them, Tab. XVII. 
according to their per- Fig · 1, 
pendicular Height ,and 
not according to their Breadth. Which 
Paradox may alſo be demonſtrated in 
the following Manner. Let ABCDFE 
be a Veſſel filled with Water: Now 
becauſe the Column BF is heavier 
than the Column HG, it is maniſeſt, 
that if the Veſſel were open at H, 
the Column GH would riſe till it 
became 


TY WW" WS 9 VS. v 
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12, Since it is only the Eſſential Properties of any Sub- 12. Thar 


ject, which can be deduced from the Eſſence of it, after 
it is known; it is to no Purpoſe for us to endeavour to 


find out how Motion could be firſt produced in Bodies, 
becauſe this is not an eſſential Property; we ſhall not 
therefore ſtand to argue upon this Subject: But as we 
own God to be the Creator of Matter, ſo likewiſe we 


own him to be the firſt Mover of it. 


became in æguilibrio with the Co- 
lumn BF. Since therefore the Co- 
ver which ſhuts up the Veſſel at H, 
hinders the Column GH from riting, 
it is evident, that the Water at H 
preſſes the Cover of the Veſſel up- 
wards with a Force equal to the 
Weight of BL; and becauſe all Preſ- 
ſure is reciprocal, it is evident alſo, 
that the Water at G preſſes the Bot- 
tom of the Veſſel downwards with 
the ſame Force; to which Force the 
Weight of the Column GH is to be 
added, by which means, the Force of 
the Water preſſing upon G, will be 
the ſame as if the Column GH were 
equal in height to the Column FB, 
that is, as if it were filled up to M. 
The ſame may be demonſtrated like- 
wiſe of all the other Columns; 
whence it is manifeſt, that the Bot- 
tom ED is preſſed in the ſame man- 
ner, as if the Veſſel, every where 
of equal Thickneſs, were filled with 
Water to NO. 

But the Truth of this Demonſtra- 
tion depends upon this Suppoſition, 
that the Liquor contained in the Veſ- 
ſel be ſuch as cannot be compreſſed: 
as Water which cannot be compreſſed, 
What therefore wag ſaid of all Li. 
gquors, is to be underſtood of ſuch Li- 
urs, viz. that they preſs upon Bo. 
dies that are under them, accerding to 
their perpendicular Height, and not 
according to their Breadth. 

Corol. 1. If the Tube AB be ſtop- 
ped cioſe with a Cover, and the lit- 

tle Tube CD be filled with 
Tab J. Water up to D, the Water 
Fig. 4. contained in this Tube, will 

preſs upon the Water below 
in the great Tube, and this Preſſure 
will diftuſe it ſelf through all the 
Water, and thruſt againſt the Sides 
and Cover of the Veſſel thus cloſed; 
and it a Hole be made in the Cover, 
for the Water to get out at, it will 
fly out thence with as much Force, 


as if the little Tube CD were as 


broad as the Tube A. 


13. But 


Corol. 2. If two Cylinders be ex- 
actly fitted to the Tubes 
AB, CD, Weights laid Tab. I. 
upon them will be in & Fig. 4. 
quilibrio, if they are in 
Proportion to the Width of the 
Tubes. For Example, if the Tube 
Ah be four times as wide as the 
Tube CD, one pound Weight laid 
upon the little Cylinder, will be e- 
qual to the Force of four pound 
Weight laid upon the great Cylin- 
der; which Experiments may be 
infinitely diverſifyed. 

Corol, 3. Hence it is eaſy to ex- 
plain that Paradox, which 1o much 
perplexed the Famous 
Dr. Henry Moor, and Tab. XVII. 
other learned Men, Fig. 2. 

vi. why a flat round 
Board, ſuch as a Trencher, when it is 
put into Water, ſhould riſe up imme - 
diately, tho' the Weight of the in- 
cumbentWater be much greater, than 
that under it, and yet there be no 
ſuch Thing in Nature as Likeneſs to 
lift it up. Let ABCD be a Veſlel 
full of Water, Fa round Board im- 
merſed in the Water. Now becauſe, 
from what has been already ſaid, 
the Columns of Water H6, Hb, com- 
municate all their Weight to the Co- 
lumn dd, and, if the Column 44 
ſhould deſcend, the Column H&, H& 
would aſcend with a Celerity propor - 
tionably greater, as they are lefs 
thick; whence it is evident, that 
theſe ought to be in æguilibrio with 
each other, (in the ſame manner as 
in the Siphon, 746. I. Fig. 4.) if the 
Column dd be all Water. But be- 
cavſe part of this Column is not 
Water, but the Bozrd F, which is 
ſpecifically leis heavy than Water ; 
there tore the #qurlibrium is altered, 
and the ColumnGGdd having leſs 
Force (compounded 5 the Maęni- 
tude and Velocity) thin the Columns 
Hb, H6 ; it muſt riſe fo far, that 
there mult bs as much of the Wood 
\ above 
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13. That it 
's ſuffetent 
to allow, 
that God 
once created 


Motion, 
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13. But becauſe it is not the Part of a Philoſopher to 
make him working Miracles every Moment, and to have 
perpetual Recourſe to his Power, we ſhall take it for 
granted, that when he created the Matter of this World, 
he imprefled a certain Quantity of Motion upon the Parts 
of it, and that afterwards, by the common Courſe of his 
Providence, he hindered Things from returning into their 
original Nothing, and preſerved always (1) the ſame Quan- 
tity of Motion; fo that what remains for us to do, is on- 
ly to enquire into other Circumſtances of Motion, and to 
examine Second or Natural Cauſes. 


above the Superficies of the Water, 
as it exceeds in Bigneſs a Quantity 
of Water of equal Weight. If the 
round Trencher F were ſo exactly 
fitted to the Width of the Veſſel, that 
no Water could get between it and 
the Sides of the Veſſel, ſo as to com- 
municate its Weight to the Water 
below, and by that means force the 
Board upwards; or if the Board 
touched the Bottom ot the Veſſel fo 
cloſe, that no Water cculd get in 
between it and the Bottom, then the 
Board would not riſe at all. As 1 
have often tried in Quickſilver, which 
does not wet the Board, and there- 
fore will eafily let it go cloſe to the 
Bottom cf the Veſſel. 

(1) The ſame Quantity of Mation) 
Some ot ber Principle (beſide the lner- 
tia of Matter) was neceſſaty for put- 
ting Bedies into Motien; and now 
they are in Motion, ſome other Princa- 
leis neceſſary ſor conſerving tbe Mo- 
tion. For if two Globes joined by a 
lender Rod, revolve about tbeir com- 
mon Center of Grawity with an uni- 
form Motion, while that Center mes 
on un formly in a rigbt Line drawn in 
the Planeof the circuſar tion; Tre 
Sum ef tee Motions of the tus Globes, 
as efren as the G obes are in the 
right Line diſcriled by their cemmon 
Center of Grawity will be bigger than 
te Sum of their Metions, when they 
are in a Line prrpendicular to that 
right L: ne. 2 187 Inſtance it ap- 
prars, that Metin may be git or loſt. 
By reaſon of the tenacity cf Fluids, 
and Atrrition of th ir Farti, and the 
Weaknejs of Elzſh1cury in Solids, Mo- 
tion is much more apt to be bſt than 
got, and 18 always upon the Decay, 
For Bodies which are either abſlute- 
iy bard, or ſo ſoft, as to be wild of 
Elafticity, will not relound from one 
enuther, Impenetrability makes them 


only top. If two equal Bodies meet 
directly in Vacuo, they will by the 
Laws of Motion ſtop where they meet, 
and loſe all their Motion, and remain 
in Reſt, unleſi they be elaſtick, and 
receive new Motion from their Spring, 


If they bawe ſo much Elaſticity a fuf- 


ces to make them rebound, wit 


quarter, or balf , or three quarters of 
tbe Force with which. they come toge- 
ther, thry.w'll liſe toree Quarters, or 
Half, or a Quarter of their Motion. 
And this may be tried, by letting twa 
equal Pendulums fall againſt one ano- 
tber from equal Heights. If the Pen- 
dulum be of Lead or ſoft Clay, they 
w1ll loſe all, or almoſt all their Moti- 
ons: If of elaſtick Bodies, they vill 
Jie all but what they recover from 
their Elaſticity. Newton's Opticks 
the 2c Edition, in Engliſp, p. 373. 
't it be asked how Motion, which 
is thus perpetually loft, ſhould be per- 
petually regained. The Anſwer is ; 
That it is regained by certain active 
Principles. juch as are the Cauſe of 
Gravity, by which Planets and Com- 
mets keep tbeir Motions in their Ort, 
aud B dies acquire great Motion in 
ailing. The Cauſe of Fermentation, 
Ly which the Heart and Blood of 
Animals are kept in perpetual Motion 
and Heat; the inward Parts of the 
Karth are conftantly warmed, and in 
Jome Places grow wery hot. Bodies 
burn and ſh:ne ; Mountains take Fire, 
the Cawerns of the Eartb are blown 
up and the Sun continues wiolently 
let andlucid, and warms all Things 
by his Ligit ; (and the Cauſe of 
Elaſticity whereby Bodies reſtore 
themſelves to their former Figures; 
all which Cauſes ſhall be treated of 
in their proper Places) For we meet 
with Very little Motion in the Werld 
dei what is owing to theſe act᷑i ve 
Brine Plus, Ibid. p. 375: 
CHAP, 


Cha 
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CHAP, 4 
Of the Continuation and Ceſſation of Motion. 


H OW it comes to paſs that a Body in Motion, . ſhould 1. That « - 
continue to be moved, is one of the moſt conſide- 17 * a 
rable Queſtions relating to Motion, and has very much we of it 
perplexed the Skill of Philoſophers; but upon our Prin- begin te 
ciples, it is not difficult to account for it: For, as was be- 7,7." © 
fore obſerved, nothing tends to the Deſtruction of it ſelf, Marion of it 
and it is one of the Laws of Nature, that all Things will ſell c:afe to 
continue in the State they once are, unleſs any externa! 
Cauſe interpoſes ; thus that which exiſts to Day, will 
endeavour, as far as it can, to exiſt always; and on the 
contrary, that which has no Exiſtence, will endeavour, if 

I may ſo ſpeak, never to exiſt ; for it never will exiſt of 

it ſelf, if it be not produced by ſome external Cauſe : So 

alſo, that which is now a Square, will, as far as is in its 

Power, always continue a Square. And as that which is 

at Reſt, will never of itſelf begin to move, unleſs ſome- 

thing move it; ſo that which is once in Motion, will ne- 

ver of it ſelf ceaſe to move, unleſs it meets with ſome- 

thing that retards or ſtops its Motion, And this 1s the 

true Reaſon why a Stone continues to move after 1t 1s 

out of the Hand of him that throws it. 

2. We ſhall therefore have but little regard to that com- 2. That it is 
mon Saying of Ari/tatle*s, That every Thing in Mittin tends Oe * 
to Reſt, becauſe there is no good reaſon for it. For if e mee 
this Opinion ſeems to have ſome Foundation from what M tien d of 
we experience on the one Hand of the Things on the 2 
Earth, where a Stone or any other Body in Motion does nen 
not continue always to move; yet it is overthrown by 
what is obſerved on the other Hand in the Heavens, 
where from the Obſervation of many thouſand Years, 
we find no Diminution of Motion. 

3. To which we may add, that this Opinion is not fo 3. 7 A- 
eaſily ſupported, by the Experience of what is done here 1e 0- 
upon the Earth, as is imagined : For though indeed it be 3 45 
very evident, that we ſce the Bodies which were in Motion, Zxperience; 
ceaſe to move, and to be at perfect Reſt; vet it is by 
no means evident, that they tend to this of themſelves: 


For no Body can ever think, that a Cannon- Ball, aſter it 


has entered clirte or four Foot into a Wall, has an Incli- 


nation after that to be at Reſt. On the contrary, when 
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we perceive that this Ball enters deeper or leſs deep, ac- 
cording to the Difference of the Bodies that receive the 
Force of it, we aſcribe, with more Reaſon, the Ceſſa- 
tion of its Motion to the greater or leſs Refiftance made 
by thoſe Bodies. 
4. That the 4. This Opinion was peculiar to Ariſtotle, and no Body 
Air refifts would have ever come into it, if they had conſidered, that 
Mellen, and Air, though it does not reſiſt Motion ſo much as a Wall, 
that the Re- . | f 
yet it makes ſome Reſiſtance, as we experience in a Fan 


fftarce of 


Bodies is the moved quick; for then when they had ſeen a Cannon- 


Cauſeof e- Ball or a Stone, not always continuing to move in the 

ther Bodies 8 . 

ceaſing to Air, „ er have thought, that this was cauſed by 

move. the Reſiſtance which the Air makes to the Motion of the 
Ball, and that the Ball loſes as much motion as it com- 
municates to the Air. 

Thar 5. Now inorder to find out how much of its Motion a 

3. % % Body loſ it ſtri b di 

Body in ody loſes when it ſtrikes againſt other Bodies, you muſt 

Metin, loſes remember, that we ſuppoſed (1) that God created a certain 

tens 25 Quantity of Motion, and that by the common Courſe of 

tion ax it his Providence, he preſerves as much Motion in Matter, 


communicate as he impreſſed upon it at the Beginning; whence it 

8 Be follows, that if a Body in Motion, ftrikes directly upon 
another Body at Reſt, and puſhes it before it, it muſt 
neceſſarily loſe as much of its own Motion, as it commu- 
nicates to the other, in order for them to go on together 
with the ſame Celerity as if the two Bodies were one 
common Maſs. Wherefore if a Body in Motion be three 
times as big as the Body at Reſt, it will loſe a fourth Part 
of its Motion; and inſtead of running, ſuppoſe, a Line 
of four Fathom, in a given time, it will run but a Line 
of three Fathom ; that is, it will move with a fourth 
Part leſs Celerity, than it did before. 

6. Thar a ©, If a Body in Motion, ſtri kes upon another Body in 

Body in Ms Motion alſo, it will make that move ſwifter ; but it will 


Fon ["fes leſs 


of its motion, not lole ſo much of its own Motion, as if this latter had 


toben it been wholly at Reſt ; becauke all that it has to do, is only 
frikes a. to add ſome Degrees of Motion to thoſe it has already, in 
gainſi ano- 4 . _ . a . 
ther Bey order to make the Bodies move with the ſame Celerity : 
alrzady in One Example will make this clear, Suppoſe a Body to 
Motwn,then have a certain Quantity of Motion, for inſt; I 
when te 

frites upon a ; 

Body at (1) That Cd created a certain are not refle ged, but loſe their Mo- 
Reft, SLuantity of Mitten) See above, tion; yet in other Caſes, Bodies 


Chap. X. Art. 13. But though Mo- 
tion may be deſtroyed, and hard 
Lodies that have no elaſlick Force, 
when they firike againſt each other, 


perfectly hard, communicate their 
Motion to each other, according to 
thoſe Laws which the Author 1s 
EXP /alning, 


Degress 


Chap. 11. 


of NaTuRaL PHiLogSOPHY, 


Degrees, and that it ftrikes upon another which is at 
Reſt ; according to what was now faid, if the firſt Body 
be as big again as the other, it ought to communicate 
four Degrees of Motion to it, and keep eight to it ſelf. 
But if the Body which has twelve Degrees of Motion, 
ſtrikes againſt the other moving with three Degrees, it 
ought to increaſe its Motion but two Degrees, to make it 
have as much as it ought to have; becauſe this being but 
half as big as the other, it will by this means have Mo- 
tion enough to go as ſwift as the other: And therefore 
that Body which before kept to it ſelf only eight Degrees 


of Motion, will now keep Ten. (1) 


(1) If a Body in Motion, be three 
times as big as another Body at Reſt, 
and ſtrikes againſt it with thirty two 
Degrees of Motion, it will give it 
eight Degrees of its Motion, and 
keep Twenty four to itſelf : But 
if the latter Body had four Degrees 
of Motion before, it will give it but 
five Degrees, and keep twenty Se- 
ven. By the ſame way of Reaſon- 
ing, it is eaſy to find out other Laws 
of communicating Motion in Bodies 
that are perfectly hard. But becauſe 
the hardeſt Bodies of all have alſo an 
Elaftick Force, and becauſe the Caſe 
of Elaſtick Bodies, is different from 
this, and more difficult, you may find 
the Principal Laws by which their 
Motion is communicated, explained 
by theſe learned Perſons ; Sir Chri. 
fepher Wren, Dr. Wallis, Mr. Hu- 
gens, in his Philoſophical Tranſacti- 
ons, Numb. 43, and 46, and more 
fully by the ſame Mr. Hugens in his 
Poſthumous Works, and by Mr. 
Marriot, in a whole Book wrote up- 
on this Subject, and alſo very fully 
by Dr. Keil in his Lectures upon 
Natural Philoſophy. But this whele 


Matter may be comprehended in the 
following 


PROBLEM. 


The Weights and Velocities with 
which two Spherical Bodies, perfect - 
ly Elaſtick, whoſe Centers are mo- 
ved in the ſame ftreight Line, meet 
each other, being given; to find their 
Velocities after they have met. 

In the following Computation, the 
Motion of Elaſtick Bodies after ſtri- 
king * each other, is ſuppoſed 
£9 arils from two Cauſes 


7. If 


I. From fimple Impulſe. By the 
Force of which alone, if the Bodies 
had no Elaftick Force, each Body af- 
ter they had met, would either whol- 
ly reſt, viz. if they meet each other 
with equal Motion; or they would 
go both on together, as if they were 
united into one Body, with the ſame. 
Velocity; and the Sum of their Mo- 
tions (if they moved both the fame 
Way) or the Difference of their Mo. 
tions (if they moved contrary Ways) 
would continue the ſame after their 
meeting as before, | 

II. From Elaſtick Force. Which 
in Bodies perfectly Elaſtick, is equal 
to the Force with which they are 
compreſſed ; that is, when two ſuck 
Bodies are firuck againſt each other, 
it is equivalent to that Motion which 
either of them would gain or loſe by 
ſimple Impulſe only. This Force acta 
the contrary way, and there ſorę the 
Motion which is produced by it, 
muſt be ſubſtracted from that Mo- 
tion, which is in the Body impelling, 
and added to that Motion which is 
in the Body impelled by the Farce 
of ſimple Impulſe only, in order 
to find their Velocities after Reflec- 
tion» 

This being ſuppoſed. Let A and 

B be two perfectly Ele ſtick Bodies, 
and let A either overtake B, ot meet 
it; Let their Velocities be à and 
b; Then the Motion of A will beAz, 
and the Motion of B, will be B, and 
the Quantity cf Motion, in them 
both together, if they be moved the 
ſame or contrary ways will be 
Aa-|-Bb, which, (by the 1ſt Pefetion) 
will be the ſame after their Impulſe 

as before. Now (if they had no E- 
lflick Force) their common Velo- 
E city 
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7.Hewa », Tf a Body which was moved by another, be by any ef 
mi e Means turned out of the Way, ſo that That from which ad 
it receivedirs Motion, is left to move freely, it will con- Moti 
tinue to co 


city after they had met, would be wiſe it may happen, that when the 


AaBb Body B meets A, it may, after their 
==; and therefore the Motion Meeting, either reſt, or go on to be 3 ] 
A+B moved the contrary way to that A againf 
A? a+ ABb was moved in, before they met; and locity 
cf A, would e B and then the Quantity by which the Ve- Veloc 
locity is expreſſed, will either be No- ſhows 

A. Now if the thing, or (as at firſt) Negative. But 

that of B, ASS * if it be driven back the ſame way 

Aa ＋-ABb that A was moved in at firſt, the 

Motion — EF which remains Quantity by which the Velocity is 


in A after the Impulſe, be ſubſtraQ- 
ed from the Motion Aa, which it had 
at firſt, there will remain the Motion 


ARBa-Þ ABb 
— which the Body A has 
loft by Simple Impulſe only, Now if 
this Motion be ſubſtra ded from the 
Aa- Abb I 
IT which is in A, 
ABa+B2b 
and added to the Motion ye” N 


which is ing after their Meeting, from 
the firſt Cauſe only; the Remainder 
A? a-j-2 ABt——ABa 


" Anu will (by the 


ſecond Poſition) be the Motion of A; 
2ABa 553d ABb 
A- 
will be the Motion of B, from both 
Cauſes together, after Reflection. 
And by dividing ſeparately theſe Mo- 
tions by their Bodies, we ſhall have 
Aa+2ib—3a 
— 3 

A= or the Velocity of 


2 Aa ＋Bb - Ab 
A, and _ — for the Ve- 


locity of B after Reflection. Q E. 
J. (See Newt, Algebra. Pag. 91. 
Probl. 12.) | 

N. B. It may ſo happen, that the 
Body A, Whether it overtakes B, or 
meets it, may loſe all its Motion, or 
may be driven back the contrary way 
to that it moved in before they met. 
Wherefore in this Caſe the Quantity 
Aa zbr—hBa 
— A5 by which the Ve. 
locity after Reflection is expreſſed, 
will either become Nothing (the Ne. 
gative and Poſitive Terms deftroying 
one another) or Negative» So like - 


Motion 


and the Sum 


expreſſed, will be poſitive. For ſince 
theVelocity that way which A was at 
firſt moved in, is expreſſed by the 
Sign +; *tis evident, that the Ve- 
locity the contrary way, ought to be 
expreſſed by the contrary Sign — 
throughout the whole Computation. 

From theſe general Quantities now 
found, by which the Velocities of 
the Bodies A and B are expreſſed, it 
is ealy to deduce the Laws of Motion 
which are obſerved by any perfedtly 
Elaſtick bodies after Reflection, in 
any given Ciſe whatſoever, For Ex- 
ample. 

I. If the Velocities of two Fodies 
meeting each other, be reciprocally 
as their Weights, in this Caſe it 


will be Aa==bb, and therefore the 


Quantity by which the Velocity of A 
— A?— ba 
— S 2 · az; 
A+B 
Ab+Bb 


is expreſſed, = 


and that of B, = 


A+B 

That is, each Pody after their Im. 
pulſe, will go back with the ſame Ve- 
lcitywith which they met each other. 

2. If A ſtrikes againſt, when it 
is at reſt, the Veloc ty of A will be 
(the Quantity B, and conſequently 
its Multiples Eb, Cc. vaniſhing) = 
ane 

ATE and the Velocity of B wi 


2 Aa 
de = An 
of their Bodies is to their Difference; 
ſo is the Velocity of the Body A be- 
fore Reflection, to its Velocity after 
Reflection. And as the Sum of the 
Bodies, to double the impelling Bo- 
dy, ſo is the Velceity of A before 
Reflection, to the Velocity of B after 
RelieRion, 

3 If 


+ That is, as the Sum 


1 
1 "= 


: 
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tinue only to move as it did after it had moved the other, 
and not as it moved before it communicated any of its 
Motion; becauſe the Manner in which any Thing ought 
to continue to exiſt, and to preſerve it ſelf, is that which 


3. If A be equal to B, and ſtrikes 
againſt it when it is at Reſt, the Ve- 
locity of A will be = o. And the 
Velocity of B will be = a, Which 
ſhows that the Body A after ſtriking, 
will be at Reſt, and the Body B will 
be moved with the ſame Celerity 
afrer the Impulſe, that A was moved 
with before the Impulſe. 

4. If A and B be equal, and meet 
each other with unequal Velocity, the 
Velocity of A after meeting will be 
= — d; and the Velocity of Ba. 
That is, each of them will return 
bick after meeting, having changed 
their Velocity. 

5. If A and B be equal, and A o- 
vertakes B, the Velocity of A will be 
== b, and the Velocity of B = a» 
That is, they will both move the 
ſame way they did before, having 
changed their Velocity. 


LEMMA. 


If there be three unequal Quanti- 
ties, A, B, C; and A be leſs than B, 
and B leſs than C. I fay, (1). that 

AC 


B + — is leſs than AC (2). that 
B 


Ae 
Bb — is leaſt of all, when B is a 
B 


mean proportional between A and C, 


DEMONST. 


The firſt part is evident from Prop. 
25. Book 5. of Euclid. The Second 
Part may be demonſtrated thus. Let 
M be a mean proportional between 
Aand C: then M = AC. Now 
+ and B be equal, it is B + 


— = 2 Mor 2 B. But if there be 
B 


any difference between M and B, let 
that difference be D; and it will be 


M. 8 
M D —— — — — — 
_ AD 8 
M2 
But M + D+ TFD is greater 


than 2 M as is evident by multiply . 
ing ch of them by M + D and 


E 2 it 


comparing their Products together. 
Therefore, &c. Q. E. D. 

(6.) Let there be three Elaſtick 
Bodies, as mentioned in the Lemma, 
A, B, C; and let A ſtrike againſt B 
at reſt; and after that, let B ſtrike 
againſt C at reſt alſo; I ſay, that by 
this Means the Body C will acquire 
greater Velocity, than if it had been 
ſtruck immediately by A alone, with- 
out the Interpoſition of B; and that 
it then acquires the greateſt Velocity, 
when B is a mean Proportional be- 
tween A and C, (And the ſame 
ho'ds true, if the Motion begins 
with the Body C.) 

For by the Second Law, explained 
above, the Velocity of C, if it were 
impelled by A only, and the Body B 

2 Aa 


AC 
4 Aa 
er. Supmpamgy TIT And by the ſame 


Law, the Velocity of C, when ſtruck 
by the Body B with that Motion 
which was given it by A, will be 
4 A 1 
Ar Ca, which two 
B. 
Fractions, becauſe they have the ſame 
common Numerator (4 Aa) are to 
one another as their Den minators, 
inverſely. Wherefore the Velocity of 
C in the firſt Caſe, is to its Velocity 
in the Second, as A + C + B + 


= to 2 A 2C., Eut (by te 


not between them, will be 


9 
Lemma) B — 5 — 2 is leſs than 


Ac, and leaſt of all when A, B, 
and C are in continual Proportion. 


Therefore A EC + B + — 


is leſs than 2A + 2C. That is, the 
Velocity of C, in the firſt Caſe, is leſs 
than its Velocity in the Second, and 
this Inequality is greateſt, when A, 
B, and C, are in continual Propor- 
tion. If the Motion begins at the 
Rody C, than if c repreſents its Cele- 
rity, and he ſubſtituted in the Room 
o! a, the Demonſtration will be the 
ſame . 


Te The 
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8. That 


to move lon- 
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it has this very Moment, and not that which it had ſome 
Time before, but has not now. Wherefore a Body which 
has loſt ſome of its Motion, by meeting Another, may 
loſe more of it by a ſecond Meeting, or a Third, and fo 
on, *till at laſt it may be quite ſtopped, as we often ſee. 
8. From what has been ſaid, it follows firſt, that if two 
greater Bo. like and unequal Bodies, be moved in a ſtreight Line with 
dres continue the fame Celerity, (1) the greater Body ought to move longer 


| We 
N. 
= 
Ll 


per than leſ.. than the leſſer, becauſe the Quantity of Motion in each 
of theſe Bodies, is in proportion to their Maſſes, but they 


Way, and the Body 


fer ones. 
communicate and loſe their Motion in proportion to their 
Superficies only, with which they ſtrike againſt other Bo- 
dies, amongſt which they are moved ; now though the 
bigger Body has more Superficies than the Leſſer, yet it 
has not ſo much in proportion to its Bulk, and conſequent- 
| ly it does not loſe every Moment ſo much of its Motion 
as the /e//er one does. 

* 9. AnEx- 9. One Inſtance will make this clear. Suppoſe the Bo- 

= ag. dy A to be a Cube two Foot every 
- Tab. 1, B, a Cube of one Foot; which being ſuppoſed, the Su- 
1 Fig 5. perficies of the Body A will be four times as much as the 


Superficies of the Body B, but the Maſs of it, will be 
eight times as big : And conſequently, if theſe Bodies move 
with the fame Celerity, the Body A will have eight times 


7. The more Bodies there are of 
a different Magnitude, between any 
two Bodies, fo much the greater will 
the Velocity cf the Laſtbe: And it 
will be the greateſt of all, if the Bo- 
dies be in a continued Proportion. 
This eaſily follows from the preceed- 
ing Articles. 

8. Perfectly elaſtick Bodies recede 
from each other after Reflection, with 
the ſame relative Velocity, that they 
approached each other with before 
Reflection; that is, in any given 
Time, the Diſtance between the two 
Bodies before, and after their Meet- 
ing, will be the ſame, at the End of 
that time. For the d ſtance of the 
Bodies in any given time, before they 
meet, may be expreſſed by a + b, 
vi. the ſame Quantities by which 
the difference of their Velccities, if 
they be moved the ſame way, or the 
Sum of their Velocities, if they be 
moved difterentWays, is repreſented : 
Alſo the Spaces which they deſcribe 
ſeparately, in a givenTime, after Re- 


1 ; flection, may be expreſſed, by the 
=_ lameQuantities, by which theirCeleri- 
Ues are exprelied ; wheretore, if from 


2 Aa + Bb Ab 
he Quantity — —＋ 

A+B 
which expreſſes the Space run thro* 


by the Body B after meeting, the fame 
way that A. moved before meeting, 
Aa + 2Bb—Ab 
be ſubſttacted .. = — 
A + » 
which expreſſes the Space run thro' 
by the Body A in the ſame time, and 
the ſame way; the Remainder 
—_ b, 
A 5 
will give = Diſtance of the two Bo- 
dies at the End of the given Time af- 
ter Reflection. 

Aid by the like Reaſoning other 
Laws may be found. 

(+) The greater Body ought to move 
longer) It is to be obſerved, that this 
is {aid of Similar, that is, bomogene- 
ous Bodies, Otherwiſe we are to un- 
derſtand by it, not the Greateſt, but 
the heavieſt Body : For the Motion 
of Bodies that have the ſame Celeri- 
ty, is not as the Maſſes of thoſe Bo- 
dies, but as the Weights of them. 
Sec the Notes Chap. x, Art. 8. 
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as much Motion as the Body B; fo that it ought to loſe 
eight times as much every Moment, in order for them 
to ceaſe together. But this cannot be, becauſe the Body 
A, having but four times as much Superficies as the other, 
can meet with but four times as many Bodies, and not 
with eight times as many; wherefore the Body A will 
move pretty quick, when the Body B will have no Mo- 
tion at all, as is confirmed by Experience ; for if a Bullet 
and a ſmall Shot come at the ſame time out of a Gun, 
the Bullet will be carried vaſtly further than the ſmall Shot. 
10. Secondly, Hence it follows alſo, That a long Body, 10. That « 
ſuch as an Arrow, will continue to move longer, when it is Body will 


ſhat lengthwiſe, than it would do if it went croſswiſe, for mas — 
it meets with fewer Bodies to transfer its Motion to, and when it goes 
therefore it keeps the more to it ſelf, 3 

11. Thirdly, If a Body moves almaſt wholly within it i — 
ſelf, ſo as to transfer very little of its Motion to the Bo- ther. 
dies that ſurround it, it ought to continue moving longeſt of ——— 
all: Thus we find by Experience, that a ſmooth well — 
poliſhed Braſs Ball, of half a Foot Diameter, ſupported within ie 
by two Pivots, will, with a ſmall Stroke, continue to gg 
run round for three or four Hours, its Motion 

12, But becauſe a Body cannot ſo transfer its Motion to vg of all. 
another as not to partake with that Body to which it is or i 
transferred, but will retain ſome to it ſelf, though it be fs h & 
never ſo little; therefore it ſhould ſeem that a Body once wholly at 
in Motion, (1) ſhould never afterwards be entirely at reſt, * 
which is contrary to Experience. But we ought to con- 
ſider, that two Bodies which have but very little Motion, 
may be ſo connected and adjuſted to each other, as to 
be in @ manner at Reſt, which is all that Experience 
ſhows us. 

13. Becauſe the World is full, a Body moving in a 13. That a 
ſtreight Line, muſt of Neceflity puſh another, and that a — * 
Third, but it ought not to go on thus infinitely; for ſome s wher 
of thoſe which are thus puſhed, will be forced to turn out Bodies turn 
of the Way, in order to take the Place of that which was #7 © u.. 
firſt moved, that being the only Place where they can ale irs 
go, and which is free for them, W herefore when any Place. 


| Body is moved, (2) a certain Quantity of Matter muſt al- 
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(1) Sbould never afterwards be en. 
tirely at Reft.) This is falſe, becauſe 
built upon a falſe Foundation, viz. 
that Motion cannot be deflroyed. See 
the Notes above, Chap. x+- Art. 13. 

(2) A certain Quantity of Matter.) 
This is for the moſt part true, not 


becauſe the World is full, but be- 
cauſe the State of the Air, and other 
Fluids in which Bodies are moved, 
is ſuch, that when any Body is mo · 
ved out of its Place, theſe, by reaſon 
of their Fluidity, immediately run 
into that Places 

ways 


E 3 
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ways neceſſarily be moved in the Form of a Ring or a 
Circle, or ſome way equivalent thereto. 
| 14. This Truth, though it was known long ago, yet 
this Motion _ . . 
i» Ciel, Philoſophers, for want of duly attending to it, and well 
7s the Cane weighing and conſidering its Conſequences, have thought 


14. That 


— r 5 8 
— 3 


exert any Force in acting where it is 
not; it is evident, that Bodies (if 
we would ſpeak properly cannot at 
all move one another, but by Con- 
tart and Impulſe Wherefore At. 
traction and Sympathy and all eccult 
Wualities, which are ſuppoſed to ariſe 
from the Specifick Forms of Things 
are juſtly to be rejected. Yet becauſe, 
beſides innumerable other Phea me 
na of Nature, that univ-r{al Gravita 

tion of Matter, which ſhall be more 
fully handled afterwards, can by no 
means ariic from cht mutu I Impulſe 
of Bodies (bfcaule al: Impulſe muſt 
be in proportion to the Superfi ies, 
but Gravity is always in proportion 
to the Quantity of ſolid Mztter, and 
therefore muſt of Necæſſity be #ſcri- 
bed to ſome C-uſe that penetrates the 
very inward Subſtance it ſe!f of ſolid 
Matter) the: efure all ſuch Att-acti- 
en, is by all means to be al owed, as 
is not the Action of Mat'er at a 
Diſtance, but the Action of ſome 
Iramaterial Cuuſe which perpetually 
moves and governs Matter by certain 
Laws. Hawe nat the ſmall Particles 
of Bodies certain Pow:r:, Virtues or 
Forces, by which they att at a dif 

eance, not only u pen the Rays of Light 
for reflecting ref1eGing and nflef- 

ang them, but alſo upon one anther for 


2 av et, impoſlible to account for all the Motions we ſee in Na- 
1 by Impulſe alone, Which is the only way that we 
can conceive clearly, by which one Body moves another 
by puſhing it; and which ſo naturally follows from the 
Impenetrability of Matter, which all the World agree in. 
And this is the Reaſon why they introduced into their 
Philoſophy Things, indeed very ſpecious, ſuch as Attrac- 
tion, Sympathy, Antipathy, the Tear of a Vacuum, &c. 
| but which, at the Bottom, are mere Chimera's, invent- 
| ed to make them appear to give a Reaſon of that which 
| they. did not underſtand, and -therefore ought not to 
| be uſed in the better ſort of Natural Philoſophy. * 
| * 15. For as to (1) Attraction, Sympathy, and Antipathy, 
Words at- they ought not to be allowed at all, by reaſon of their 
traction, Obſcur ity. 
Sympathy, 
| and Anti- (Attraction) Since nothing acts producing a great Part of the Phene- 
pachy at a Diſtance, that is, nothing can 


mena of Nature ? For it 1s well 
knewwn, that Bodies act one upon ano- 
ther by the Atttact ons of Gravity, 
Magnetiſm and Electricity; and theſe 
Inſtances ſherw the Tenour and —_ 
of Nature, and make it not imprebable 
but that there may be more Attrac- 
tive Powers than theſe. How theſe 
Attractions may be performed, I do 
not here conſi der. M bat I call At- 
tract on may be per formed by Impulſe 
(not Bod ly Impulle) er by ſome o- 
ther cant unknown to me» I uſe 
that Weird bere, to fignify only in ge- 
n ral any Force by which Beates 
tend 19wards one another, whatſcever 
be the Cauſe. For we muſs learn 
from the Phenomena of Nature, what 
Bodies attract one another, and what 
ore the Laus and Properties of tbe 
AttraQtion, before wwe inguire the 
Cauſe by which the Attraction 13 
performed. {he Attractions of Gra. 
vity, Magnet: ſm and Eledricity reach 
to ver ſenſible Diftancer, and ſo have 
been bjerved by wulgar Eyes ; and 
there may be others, which reach t» ſo 
all Diſtances as hitherto ſcape 0b. 
ſervation ; and perbaps electrical At. 
traction may reach to ſuch ſmall D 
tances, even without being excited by 
Friction. Newt Opt. p. 350- 

It ſeems to me farther, that theſe 


Particles (of Matter) have nt on 
4 vis 
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Obſcurity. That they are obſcure, is very evident; for 
if we take a Loadſtone, for Example, It is manifeſt to 
all the World, that to ſay it has an attractive Vertue or 
a Sympathy with the Tron, does not at all explain the Na- 
ture or the Properties of it. And as to the Fear of a Va- 
cuum, I reſerve the Notion of that to the following 
Chapter, where we ſhall compare the Reaſoning of the 
Antients and our own together., - 


a vis Inertiæ, accompanied with ſuch 
paſſive Laws of Motion, as naturally 
reſult from that Force; but alſo that 
they are moved by certain actiue 
Principles, ſuch as it that ( Attra- 
ction which we call the Attraction) 
of Gravity, and that which cauſes 
Fermentation, and the Cobefion of 
Bodies, Theſe Principles I confider 
not as occult Qualities ſuppoſed to re- 
ſult from the Specifick Forms of 
Things, but as general Laws of Na- 
ture, by which the Things themſelves 
are formed : Their Truth appearing 
to us by Phenomena though their 
Cauſes be not yet diſcovered. For 
theſe are manifeft Qualities, and their 
Cauſes only are occult. And the 
Ariſtotelians gave the Name of occult 
Qualities not to manifeſ®s Yualities, 
but to ſuch Qualities only as they 
ſuppoſed to lie bid in Bodies, and to 
be the unknown Cauſes of manifeſt 
Effefts : Such as would be the Cauſes 
of Gravity, and of magnetick, and 
electric Attrattions, and of Fermen- 
tations, if wwe ſhould ſuppoſe that theſe 
Forces or Actions ariſe from Qra- 
lities unknown to us, and incapable 
of being diſcovered and made mani- 
feſt. Such occult Qualities put a 
flop to the Improvement of natural 
I and therefore of lateYears 
have been rejected. To tell us that 
every Species of Things is endowed 
with an occult Specifick Quality 6y 
wich it acts and produces mani fe 


4 
Effects, is to tel us nothing. But 
to derius tao or three general Prin- 
ciples of Motion from Phanomena, and 
afterwards ta tell us bow the Pro- 
perties and Action of all corporeal 
Things follow from theſe manifeſt 
Principles, would be a very great Step 
in Philsſophy, though the Cauſes of 
thoſe Principles were not yet diſcouer- 
ed : And therefore 1 ſcruple not 10 
propoſe the Principles of Motion as 
beve mentioned, they being of very 
general Extent, and leave their Cau- 
ſes to be ſound out, Id. Ibide 
p. 374. 7 

— We have the Autberity of the 
oldeſt and moſt celebrated Philoſophers 
of Greece and Phanicia, who made 
a Vacuum and Atoms, and the Gra- 
vity of Atoms, the firſt Principles of 


their Pbileſapby; tacitly attributing 


Gravity ts ſome other Cauſe than denſe 
Matter. Later Philoſophers bamjh 
the Confiderations of ſuch a Cauſe out 
of natural Philoſophy, feigning Hy- 
Fot beſes for explaining all Ibingi ne- 
chanically, referring other Cauſes to 
Metapbylicks, Whereas the main 
Buſineſs of Natural Philoſophy is ts 
argue from Phenomena without feign« 
ing Hypotbeſes, and to deduce Cauſes 
from Effe#:, till wwe come to the very 
Firft Cauſe, which certainly is not 
Mechanical, and nat only to unfold 
tbe Mechaniſm of tbe World, but 


chiefly to reſolve Theſe and ſuch liks 


Rusftions, &c. Id. Ibid. P. 343 
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1. What 
WES crigi- 
nally meant 
by the Fear 
of a Va- 
cuum . 


2. How the 
Senſe of this 
bas been cor- 


rapted. 


ROHAULT's SYSTEM Part I. 


CHAP. AL 


Of ſuch Motions as are commonly aſcribed to the Fear 
| of @ Vacuum. 


HERE is no Subject more capable of ſhowing us 

the Difference betwixt true and falſe Philoſophy, or 
at leaſt betwixt Reaſoning juſtly and not juſtly, than this : 
For we fee manifeſtly, that the one leads us, if not to 
the Truth, yet to fo great an Appearance of Truth, that 
the Mind acquieſces in it; but the other gives us only 
Words, which we can form no Idea's from. For Proof 
of This, let us take for inſtance a Syringe, one End of 
which being put into the Water, and the Sucker drawn, 
let us hear how the Antients reaſoned about it. Firſt, 
They obſerved, that there could be no Vacuum in Nature; 
then they conſidered, that there would be one, if the 
Sucker were drawn, and no Water followed ; whence 
they concluded, that the Water ought to enter in propor- 
tion to the drawing the Sucker ; and hence they faid the 
Water aſcended, left there ſhould be a Vacuum. 

2. Afterwards, the Manner of the Expreſſion was 
changed, without altering the Notion ; and it was faid, 
that the Water aſcended, for fear there ſhould be a Va- 
cuum in Nature: And this Expreſſion being equivocal, it 
was taken in a bad Senſe ; and as it is cuſtomary to carry 
Things to Extremity, the Word Fear was changed to 
Heorrour ; ſo that it was affirmed, that the Water aſcend- 
ed, out of the Horrour which Nature had of a Vacuum, as 
if Nature (in the Senſe that Philoſophers underſtand that 
Word) was capable of Herrour, 

3. The Fear of a Vacuum in this latter Senſe, is very 
ridiculbus ; wherefore I am apt to think that the Philoſo- 
phers took it in the former Senſe only : But which way 
ſo ever it be underſtood, it does by no means anſwer the 
Queſtion ; any more than it would, if any one ſhould 
ask, how Wood came from very remote Parts to Parts, 
and it ſnould be anſwered, it came out of the Fear of Cold; 
this is no Anſwer to the Queſtion ; . becauſe the final 
Cauſe is alledged inſtead of the zfficient Cauſe, which was 
the Thing demanded. 
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4. However, if the Reaſoning of the Antients were 4. That the 

juſt, and built upon a good Foundation, though it could —2 
not make us underſtand how the Water aſcends, that is, be Fear of 
explain to us the efficient Cauſe of ſuch Aſcent ; yet it 7 Vacuum, 
ſhould prove, at leaſt, that it ought to aſcend ; and their — 
Reaſoning ſhould agree with Experience. And that you with Expe- 
may ſee that it is defective here alſo, it is to be obſerved ; rence. 
that if the ſole Reaſon, why any Space is filled, is for 
zur there ſhould be any Vacuum in Nature, and this 
makes the Water aſcend; as this Reaſon is always the 
ſame, it will follow, that the Water ought always to aſ- 
cend, ſo long as the Sucker of the Syringe is drawing, 
be it never ſo long; now Pumps being only long Sy- 
ringes, they ought to raiſe up Water to any Height what- 
ſoever; yet Experience ſhews us, that we cannot by 
Pumps, raiſe it above One and thirty Feet and a half, 
after which, the Water ſtops, and will not follow the 
Sucker, Whence we ought to conclude, that the fear of 
a Vacuum, taken in the moſt favourable Senſe poſſible, 
is not at all the Cauſe of the Waters aſcending, ſince it 
does not agree with Experience. 

5. Having ſeen the Defect of the Reaſoning of the ;. Various 
Antients, let us fee if we can ſay any Thing better found- Spione 
ed. And that I may not be guilty of the ſame Fault, I 7,7 
ſhall offer ſome Particulars, which are very clear and way. 
intelligible to all the World, in order to draw ſome cer- 
tain and undoubted Conſequences from a Foundation 
which cannot be conteſted, 

6. Let us ſuppoſe firſt, That ſome Body endeavours 6. 93, 5,8 
to draw the Sucker from the Bottom of the Syringe Suppofition. 
ABC, the Hollow of which it exactly fits, that the whole — = 
Syringe is in the Air, and that the Hole C is open: This 
being ſuppoſed, it is evident, that the Sucker D cannot 
be drawn towards E, but it will puſh the Air, which will 
puſh that beyond it, *till, as was faid above, it turns in 
the Lines here deſcribed, or ſome ſuch like, in order to 
enter into the Place from whence the Sucker was drawn ; 
whence it follows, that the Air was moved by a real 
Impulſe. 

7. Let us ſuppoſe Secondly, That the Hole at C, 7. The Se. 
were ſtopped, and that there were no Pores either in the 2 
Syringe or the Sucker; In this Caſe, I fay, (1) it would” 


(1) I would be impoſſible) This Sucker, as can lift the whole Weight 
would indeed be true, if the World of the incumbent Air. Nor need 
were full; But becauſe we have af- we here trouble our ſelves with any 


firmed it to be otherwiſe; fo much occult Pores or ſubtile Matter. 
Force ouly is required to draw the 


be 
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be impoſſible to draw the Sucker, the leaſt that can be, 
becauſe the World being full, the Air which ought to 
puſh the Sucker, would have no Place to go to. 

8. On the other hand, Let us ſuppoſe, that the Syringe 
thus ſtopped, has Pores, though fo very ſmall, as not to 
be perceived by our Senſes, and that amongſt the Particles 
of the Air, there are ſome ſo ſubtle, as to be able to en- 
ter theſe Pores. This being ſuppoſed, there is no Reaſon 
why the Sucker may not be drawn, though the Hole at 
the — of the Syringe be ſtopped: For then the Sucker 
may make Room for it ſelf, by preſſing the groſſer parts 
of As Air, and by ſqueezing out the ſubtle Parts, which 
are forced to enter the Syringe. 

6. Ther the ©. In order to know whether the Sucker of the Syringe 
greats Part can be drawn when the Hole at the lower End is ſtop- 
] 


4 8. The Third 
Suppeſtiion, 


8 ped; we muſt firſt know, whether the Syringe or the 
, and Sucker have any Pores in them or no; and after that, whe- 
047102 £7 ther there be any Particles in the Air ſubtle enough to 
e Gert of enter in at theſe Pores: For according to one or other of 
Particles, theſe Suppoſitions, will the Thing be poſſible or not poſ- 
ſible And becauſe neither of them can be determined 
by our Senſes or by Reaſon, and there being no Contra- 
diction in either, it muſt be decided by Experience; now 
we find by Experience, that (1) if the Syringe be not too 

thick, we can draw the Sucker without much Difficulty ; 
from whence it is evident, that their are Pores either in 
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3 the Syringe, or in the Sucker, or rather in both of them; 
4 and that amongſt the groſs parts of the Air, there are ſome 
1 ſo fine, as to paſs through the Pores of moſt terreſtrial |} 
2 Bodies. i : 
10. This Experiment helps us to another very conſide- | l 
10. An: her I 
wery con A. rable, which is, that if, after we have drawn the Sucker | 


derable E x- a little, we let it go again, it returns of it ſelf, and that 
257, e, with ſuch a Force, as to ſtrike againſt the Bottom of the | 

Air is Syringe; the Reaſon of which we ſhall ſee, if we remem- 

w-ichty. ber that a Body never begins to move of it ſelf, if it be 

not puſhed by another which immediately touches it; 

now, if we obſerve, that there is nothing but the Air, 

that immediately touches the Sucker, we muſt think that 


the Air that cauſes this ſurprizing Motion; for, con- 


1) If the Syringe be not too thick) greater it is, ſo much a greater, and 
The Tnickneis of the Syringe figni= conſequently ſo much a heavier Co- 
hes nothing (nor the occult Paſſages, lumn cf Air muſt it ſuſtain. But the 
| nor the ſubtle Matter, as was faidon Author may beexcuſed, it he means 
N the Article above ;) but the Thick- the Bigneſs of the whole Syringe. 
i gels of the Sucker; which the 


| ſidering 
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ſidering that the Air always contains in it a great Quan- 
tity of the Particles of Water, and other terreſtrial Bodies, 
which though they be ſeparated from each other and diſ- 
perſed, = do not loſe any of their Weight; (though we 
do not fully underſtand the particular Nature of the Air, 
nor in what its Weight conſiſts;) we ſhall make no Dif- 
ficulty to aſſert ; that the groſſer Air is heavy, and conſe- 
quently, that by its Weight, the Sucker is forced into the 
Syringe, from whence it ſqueezes out the ſubtil Matter 
through thoſe Pores which it ſelf entered in at. | 

11. But though the Air by its own Weight, preſſes 11. Thar the 
chiefly downwards, yet this does not hinder, but that it 22 — 
may alſo preſs upwards, and force the Sucker of the in- pr ap- 
verted Syringe up into the Syringe ; for the Column of ard. 
Air which anſwers to the Bottom of the Sucker, is forced 
upwards by the Weight of thoſe Columns of Air which 
are on the Sides, in the ſame manner as the Water which 
is at the Bottom of a heavy laden Boat, is preſſed upwards 
againſt the Bottom which reſiſts it, by the Weight of the 
Water which is of conſiderable Height round the Sides. 

12. When we once underſtand this Force of the Air to 12. by we 
preſs upwards, we ſhall not at all wonder, that when we oO 1 
hold our Hand flat in the Air, we do not feel the ger nfm. 
Weight of it; that is, we do not perceive our Hand bene Air. 
preſſed downwards, by the Weight of the Column of Air 
which is upon it: For this Column has no more Force to 
preſs it downwards, than the Column which is underneath 
has, to preſs it upwards. 

13. As to the Preſſure which is made all over the Body, 23. Ny 
when it is immerſed in a heavy Liquid; it is certain, that 4 = feet 
we ought not to perceive it, (1) though the Weight of the fake he 
Liquid be very great, any more than we do the Preſſure and a/p why 


Divers do 

not | el the 
dens, Nerves, Membranes and Muſ- — of 
cles; and others that are Fluid, Ma- foe Waters 
Now the Bones in an 
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(1) Though the Waight of the Li. 
guid be wery great) The Cauſe of 


this is excellently well explained by 
Jo. Alph. Borellus, de Mol ibus Nat. 
a Gravitate factis. prop. 29. & ſeg. 
Aiter he had ſhown, that Sand in a 
very ſtrong Veſſel, cannot any way 
be divided, and that a Wedge will 
hy nv means enter into it; and alfo 
that Wa ter in a Bladder, equally com- 
preſſed on all Sides, can neither be 
ſtreightened nor bent, nor at all mo- 
ved: So likewiſe, ſays he, in the Bo- 
ay of an Animal, tbere is contained 
within the Skin, Fe Parts, which 
are bard and ſolid, ſuch as the Bones ; 
otbers that are ſoft, ſuch as the Jen- 


try or Oiſy. 
Animal cannot be broken or dizjoint- 
ed, unl-ſs the incumbent Meigbe preſ- 
fer one ay only, as it dies on Porter: 
But if the Preſſure diffuſes it ſelf all 
round, ſo as to preſs upwards and 
downuards,and fideways with equal 
Foree, jo that there be no part of the 
Skin but what is preſſed; then it 1 
1mpoſſible, that any bing ſhould ve 
ſeparated or put out of the Way. The 
ſame may be ſaid of the Nerves and 
Maſcles, which tho" they be ſoft, yet 
becauſe they con/ift of ſirong and tough 
Fibre, they can all ſupport ons ane. 
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of the Water, when in diving into the Sea, there are ma- 
ny Fathom of it over our Heads. The Reaſon of which 
is; that before we can feel the Weight of any Body, there 
muſt be ſome Alteration made in the Diſpoſition of our 
Organs. But when the Air or Water have made all the 
Efforts they are capable of to preſs or thruſt inwards the 
external and groſſer Parts of our Body, and theſe Forces 
are counterballanced and put in æquilibrio, by the Reſiſt- 
ance and Effort of the Fluids and moveable Parts within 
us, the Action of which we are inſenſible of; after this, 
I ſay, they can do no more, and conſequently the State 
of our Body will not be changed, nor the Diſpoſition of 
its Organs, to which they are ſo uniformly applied, and 
with ſuch equal Forces, that no one ſingle Part can move 
outwards, to give way for any other to be thruſt inwards ; 


and therefore the Effort which they continually make to 


preſs us inward, 1s rendered ineffectual, 


ther, and reſiſt an univerſally diffuſed 
ſpherical Compreſſion ; the ſame may 
alſo be ſaid of the Blood and other 
Humours of an Animal, which are of 
a watry Nature; for, as it is evi 
dent, that Mater cannot be condenſed, 
ſy likewiſe the Humours of an Animal, 
contained in the Cavities of its Veſſels, 
rH. they may be bruiſed by an Impulſe 
made from one or a few particular 
Plates, yet they can never be forced 
out of their Veſſels, or torn aſunder by 
an univerſal! Compreſſion every Way, 
So long therefore as the Solid, Tend:. 
nous, or Fleſby, or Liguid Parts, do 
nt undergo any Separation, Contuſi- 
on, nor are disjainted, nor their Situa- 
tien at all changed ; it is impoſſible, 
that any Pain or Uneafineſs jbould 
follow in the Animal, which cannot 


ariſe [rom any other Cauſe, but ſepa- 


rating that which ii one continued 
Thing. Wherefore when Divers, &c, 

And. this is confirmed by what 
the famous Mr. Boyle obſerved, in 
bis Second Appendix te the Eleventh 
Hydreſtatict Faradeox, viz. that a 
Tadpole, an Animal whoſe Fleſh is 
very tender and ſoft, put into a 
Veſſel half full of Water, ſo cloſed 
up, that the Air contained in it, 
being condenſed eight times 2s much 
#5 in its naiurel State, preſſed upon 
the Water as much, as if a Column 
of Water of Three hundred Feet in 
He'ght laid upon the Animal ; mo- 
ved it felt notwithſtanding, and 


ſwam about very quick, and found 


no Inconvenience, that could be per- 
ceived. 

However, becauſe in moſt Ani- 
mals there is a great deal of Air, 
which may eafily be compreſſed and 
condenſed ; therefore, though no par- 
ticular Member is disjointed, when 
an Animal is immerſed very deep 
in Water, yet they muſt all of them 
neceſſarily be ſtreightned and con- 
tracted, by the equal Weight and 
Preflure of the incumbent Water on 
all Sides, as the famous Mr. Boyle 
ſays, happened to the Tadpole in the 
forementioned Experiment. 

Beſides, thoſe Animals, whoſe 
Lungs are ſo formed as to contain 
a great deal of thin Air and Breath 
in them, though the other Parts of 
them be not at all hurt, yet their 


Breaſts muſt of neceſſity be ſtreight- « 


ved and contraſted, in the ſame 
manner, as the Cork is uſually thruſt 
into an empty Bottle, by the Weight 
of the Water, when it is ſunk very 
ceep. Therefore Men, whoſe Lungs 
are very large, when they dive very 
deep into the Sea, though they find 
no manner of Inconvenience in any 
other Part of their Bodies, yet they 
labour under a Difficulty of Breath. 
ing, and a Pain in their Breaſt, 
(though they have Air enough con- 
veyed to them to breathe.) And thus 
the famous Mr. Boyle tells us of a 
certain Diver, that when he walked 
at the Bottom of the Sea, the Blood 
flew out at his Noſe and Eyes, 
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14. Let us, in the fourth Place, Suppoſe the Sucker 14. How | 
which is in the Syringe, as far as it can be thirſt, to be = ee 
drawn when the Hole C at the Bottom is in the Water; 4+ Syringe» 
it ſhould ſeem as if the Air which the Sucker that is 
drawn preſſes upon, ought to preſs upon the Water, and 
make it to riſe in the Syringe, becauſe it overtakes it, in 
the way which we ſuppoſed it to go, in order for it ſelf to, 
enter in, if the End of the Syringe had been in the Air, 
and not in the Water, and that it ought to aſcend as far as 
the Sucker is drawn. But there is no Neceſſity that this 
ſhould always happen ; For having made it appear, that 
both the Syringe and the Sucker are full of Pores, and 
that the Air is full of Matter, ſubtle enough to paſs through 
them ; and alſo that the Water, by reaſon of its Weight 
aſcends with greater Difficulty ; the Sucker may poſſibly 
be drawn, and the Water not neceſſarily aſcend, to fill 
the Syringe, becauſe it was filled before with that fubtil 
Matter, intermixed with the Air. However, Experience 
ſhows us, that the Water does aſcend, and that the Sy- 
ringe is filled with it, and not with the ſubtle Matter, 
at leaſt to the Height of One and thirty Feet and a half, 
but no further. The Reaſon of which is, that the Air 
being heavy, preſſes upon the whole Superficies of the 
Water in which the End of the Syringe is immerſed ; 
and when the Sucker is drawn, the Water which anſwers 
to the Hole in the End, not being preſſed by the incum- 
bent Air, the Weight of that which preſſes upon the reſt 
of the Surface, thruſts it up, and makes it aſcend in the 
Syringe; in the ſame Manner, as the Water in a Pall is 
made to aſcend up a Trunk, ſuch as they ſhoot with, 
open at bath Ends, and one End fixed in a Hole in a 
Trencher which exactly fits the whole Superficies; upon 
deprefling the "Trencher, the Water is forced up. In like 
Manner, the Moving of the Sucker, is the general Cauſe 
of the Entrance of ſome Matter into the Place which it , e 
leaves; but the Weight of the Air determines the parti- the Water 
cular Matter, 3 —_— 

15. Since we find by Experience, that the Sucker of a 1 
Syringe may be drawn, when the Hole at the End is ſtop- rain Height, 
ped, this is fufficient to convince us, that the grofler Air we . 
is not of an infinite Weight; for if it was, it would be Ar, wweigbe 
impoſſible to draw it; which being ſo, it is caſy to foreſee, a. mu as 4 
that the Air by its Weight cannot raiſe the Water in a Sy- —. 
ringe above a determinate Height; ſo that if, after this birey Feet 
Height, we continue to draw the Sucker, the Syringe, in- — * balf 
ſtead of being filled with Water will be filled with ſubtle Leck. 

Matter 5 4. 


9 
6 


62 ROHAUL T's SYSTEM Part I. 


Matter, as was before obſerved in Pumps : And fince 
the Water always riſes to about the Height of Thirty one 
Feet and a half, above the Level in which the End of 
the Pumps is immerſed, we ought to conclude, that a 
Column of Water of this Height, weighs as much as a 
Column of Air of equal Thickneſs, which reaches to the 
upper Surface where the groſſer Air terminates, 

16. That ws 16, If the Sucker of the Syringe flips very eaſily along 

ouger nt the concave Surface, againſt which it rubs, and if it had 

Paro A no Weight at all, the Air would very eaſily be drawn in; 


the Air that becauſe there is juſt as much Force to thruſt it upwards, 
it drawn in- 


| as there is Weight upon the Sucker to thruſt it down- 
to tbe Sy- 


ringe; but Wards: But if Water or any other heavy Liquor is to be 

we ought to raiſed; there muſt then be as much Force uſed, as is e- 

Gs of bo qual to the Weight of the Liquor to be raiſed ; becauſe 

Water, the Liquor, tending downward, bears upon the Air, which 
preſſes againſt the Bottom of the Sucker, and takes off ſo 
much of the Force it had to make it riſe. 


15. Whena 17. There may be many Conſequences drawn from 


Tube filled what has been faid of the Syringe, which if they be a- 


with Water greeable to Experience, are ſo many Confirmations of the 
ought to & 


empey it ſelf, Truth of our Explication, For Proof hereof, let us ſup- 
poſe, for Example, that after having filled a Tube with 
Water, one End of which is ſtopped with the Matter 
of which it is made (which they call hermetzcally ſealed) 
and the other, with the End of one's Finger, we put the 
End of the Tube which is ſtopped with our Finger into 
a Veſſel of Water, and then take our Finger away ; 
This being ſuppoſed, if we conſider that the Air, which 
preſſes upon the Water in the Veſſel, reſiſts the deſcent 
of that which is in the Tube, we may foreſee, that if 
the Tube be not above One and thirty Feet and a half 
long, it will not empty itſelf at all; but if it be longer, 
the Water ought to deſcend till there is One and thirty 
Feet and a half in the Tube, and then ſtop, becauſe the 
Air has only Force enough to counterpoiſe ſuch a Quan- 
tity : And this 1s agreeable to Experience, 
18 JThatan 18. We here ſuppoſe, that the Tube, which is above 
inolined Tube Thirty one Feet and a half long is held upright, and does 
me „not incline one way or the other: For if it inclines any 
Water than way, then, becauſe the concave Surface of the Tube 
an upright ſuſtains part of the Weight of the Water, for that Rea- 
Pm fon, the Water will not have ſo much Force to deſcend 
as it has ordinarily ; and fo the Air is able to ſupport a 
greater Quantity than One and thirty Feet and a half in 


the 
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the Tube ; that is to ſay, according to the Laws of Me- 
chanicks, if the Water in the inclined Tube begins to de- 
ſcend, it will ftop, when the upper Surface of it, is One 
and thirty Feet and a half perpendicular above- the Su- 
perficies of the Water in the Veſſel; and fo we find it 


does. f 


19. And it is remarkable, that if we make uſe of Tubes 9 That the 
of different thickneſſes, and Veſſels of different breadth, 4, l. geg, 
there is no difference in the Height of Water contained Height :n 


in the Tubes: For ſince the Water which is in each Tube, %% fag 
poſſeſſes the Place of that Quantity of Air, which hid. 8 
upon the ſame Part of the Superficies of the Water in the 

Veſſel; it cannot but be in æguilibrio with the Air with- 

out, becauſe, it weighs juſt as much as that whoſe Place it 

poſſeſſes. And thus it is in all Tubes whatſoever, the Wa- 

ter riſes to the ſame height, which we ſee by Experience 

in a particular Tube, that it ought to riſe to; for as theſe 

different Columns of Water are of the ſame height ; if 

that, for Inſtance, which is four times as thick as another, 

weighs four times as much as that other; then the Co- 

lumn of Air, the Place of which this groſs Column of 

Water poſſeſſes, weighs four times as much alſo. 

20. Neither ought we to find any difference in the Height , Tar | 
of the Water which is in the Tube, whether the Expe- „ fai, 
riment be made in the open Air, or in a Chamber, pro- mad: in the 
vided there be a Window in it, or at leaſt any Chink 3 7 = 
through which the Air can enter; for according to the — 
Laws of Mechanicks, the Weight of the Air is juſt the —_— in a 
_ whether it preſſes perpendicularly, or winding, or 5 rome mg 2 

ue. 

X. Neither ought there to be any Difference in this 21. That che 
Height, if after the Experiment be made, the Room be — —— 
entirely cloſed up; for though the Column of Air which 0 5 the 
ſupported it before, by preſſing upon the Liquor in the 2 
Veſſel, be now intercepted by the Ceiling, yet that part 2b . 
of the Column of Air which is below the Ceiling, preſſes Zxp-rimene 
as much upon this Liquor as it did, when it bore the 42 * 
Weight of the Reſt of the Column, becauſe the Reſiſt- 4 . 
ance of the Ceiling does as it were preſs upon it, and 22. bar the 
hinder it from expanding it elf. — 

22. It is true, that if, before the Experiment be made, ongbe 6+ 
the Chamber be ſo exactly ſhut up, that the Air within greater, if 
has no Communication with that without, then the Li- w—_—— . 
quor contained in the Tube ought not to deſcend . quite» ſo rely c, 


far; becauſe as the Tube empties, and the Liquor in the 7 — 
E EXPeri- 


Veſſel riſes, the Air which is in the Chamber cannot riſe in „ 2. 
Pro- made, 
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Proportion : Conſequently it muſt be condenſed, and 
therefore will have force enough to ſuſtain a little more 
Liquor in the Tube ; but this cannot be perceived, un- 
leſs it be a very little Place in which the Experiment is 
made. 
23. That 23. From what has been ſaid, it is eaſy to apprehend, 
Ruickfilver that if inſtead of Water, any other Liquor that is hea- 
oughe not vier or lighter be uſed, there will remain more or leſs of 
Tube, above it in the Tube; ſo that Mercury or Quick-filver, which 
— 3 Fis about fourteen times as heavy as Water, ought not ta 
3 be ſuſtained by the Air, but to about Seven and twen 
and a half, Inches and a half, which is very near a Fourteenth Part 
of the Height that Water is ſuſtained, and the reſt of the 
Tube, how long ſoever it be, ought to be filled with 
ſubtle Matter. And this is confirmed by Experience, 
24+ That 24. But that the Experiments may be more ſenſible, 
be e the Tubes ſhould be made of Glaſs, becauſe that is tranſ- 
2700 made parent: And Quick: ſilver being ſo heavy, that we are not 
with Quick- obliged to have Tubes much longer than Twenty ſeven 
2. Inches and a half, their Smallneſs makes them more eaſy 
to be managed, and to obſerve a great many particulars, 
which it would be difficult to do in Tubes that are very 
long. | 
25. That 25. Firſt then, This may give Occaſion to thoſe who 
2 's ng believe the Poſſibility of a Vacuum to obſerve; That 
= Top of there is no Vacuum in the Top of the Tube, but the Place 
the Tube, which is left by the Mercury, is filled by ſome Matter, 
becauſe the viſible Objects behind the "Tube, (1) affect our 
Eyes ſtill, and are as plainly ſenſible as they were before, 
which they could not do, if there were a Vacuum; be- 
cauſe their Action would be interrupted. And if the Eye 
were placed directly againſt the Tube, we ought not to 
ſee any more than in the Dark, or then if an opake Bo- 
dy were between ; but we find it otherwiſe. 
26. Another 20. Lo this we may add, that (2) Nothing or a Vacuum 


Preof. has no Properties, and that if we put the Top of the 


1) Aﬀe# our Eyes) It don't at all EY tay, It is very true indeed 
follow, that there is no Vacuum 1 that Nothing has no Properties; but 
the lop of the Tube, becauſe the Space how does it follow, that Space which 
out of which the Quick-filver came, is void of Matter, has therefore 
is tranſparent 3 For why cannot the Nothing in it, or is it ſelf entirely 
Rays of Light, paſs through an en- | Nethiag, But it may be allowed that 
tireſy void Space? On the other Hand, there is ſome finer Matter in the 
they can't poſſibly paſs through a Topof the Tube, or perhaps a little 
Space that 18 quite full; See what Air ſlipt under theQuick-filver which 
is faid of the Nature of Light, in is rarely'd by the Heat; but the 
its Place, Space is very far from being full. 
(z) Nething, or @ Vacuum bat na 
Tube 
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d Tube very near the Fire, we perceive a Rarefaction, in 
e the ſame manner, as in a Thermometer, which makes 
= the Mercury fall, whence it follows, that there is ſome 
8 real Matter in it. C 
27. However, it is eaſy to ſee that this Space is not full 27. That rhe 
of common Air; for if the Tube be not quite filled with - 
Quickſilver, but an Inch or two be left for Air, and ſtop- jul of pea 
ping the End of the Tube with our Finger, it be invert- Air. 
ed; we obſerve that the Quickſilver deſcends ſlowly, and 
we have time to ſee the Air aſcend in the Form of 
Drops. Whereas let the Tube be entirely filled with 
Quickſilver, and immerſed in the other Quickſilver, that it 
may empty itſelfin the ordinary way ; then if the Tube be 
ſtopped with the Finger and inverted; the Quickſilver will 
not fall lowly, but all at once, as if it were one hard Body, 
| nor ſhall we perceive any Thing to aſcend through it. 
| 28. For a further Confirmation of this Opinion, viz. — = oof 
That when the Quickſilver deſcends from the Top of the 11 
| it is not filled with common groſs Air, we may obſerve ; that 
if the Top of the Tube be made large, in the Form of a 
Veſſel, and ſome Sort of Animals, as Birds, Rats, and Mice, 
be put into it, they will die, in a very ſhort time; that 
others, ſuch as Flies, ſeem to die, but being preſerved 
afterwards, two or three Days in a more temperate Place, 
they revive and fly away; and others, ſuch as J/orms 
and Frogs, are preſerved alive, and not hurt, unleſs they 
continue very long in it. 

29. It may here be demanded, how the ſubtil Matter, 2, W * 
which fills the Top of the Tube, gets through: To which fa oh 
it may be anſwered; that it ſeems rather to paſs through cer which is 

| the Pores of the Glaſs, than thoſe of the Quickſilver, be- = — 4 
| cauſe the Quickſilver being very heavy, the Pores of it — 2oſs 
| ſeem to be rather too ſmall for it to paſs through them: cbrangb. 
T hough I ſhall be of another Opinion, if what I have 
| heard from England be true, viz. (1) that a Tube of fix 
Foot 


much beyond t he forementioned Height 
(viz. 20 40, 50, or 60 Inches ; ) but 


TCC x TS. vo 


(1) That a Tube of fix Foot lang) 
This Experiment is thus related by 


the famous Dr. Wallis, in his Hy- 
dreftaticks, Prop. 13+ If the Quick- 
filver ſuſpended in an inverted 1ube, 
be very exattly cleared of all Air be- 
fore it be inverted (which cannot be 
done but by great Care and Niceneſs,) 
and if tbe Tube be cautiouſly invert- 
ed, and fixed in a firm Place ſo as not 
to vein the leaſ ſhaken 5 the Quick- 
Lr (though the Ori ce at the * 
rom be open) will remain ſu 4 

“odr n 


if the loft Air gets into tbe Quick- 
filbver thus ſuſpended, or if the Tube 
be ſhaken, the Qtek luer will im- 
mediately ruſp down to the uſual 
Height (and after ſome Reciprocati- 
yy © Hand fill. 

hich Experiment, having been 
often repeated by the Lord Brounker, 
the famous Mir. Boy, Mr. Huygens 
and others, has ſucceeded 3 ſo that 


there is no doubt of the certaia Truth 
F of 


= . rr 
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Foot long, will not emp 


filver with which it is filled, 


SYSTEM 
it ſelf at all, if the Quick- 


Part I. 


and that in which i is im- 


merſed, have ſtood ſome time in a Place void of groſs 
Air: For in inquiring into the Reaſon of this Phænome- 


non, we can find no other but this, that the Quickſilver 


of the Phaznomenon ; but upon what 
Cauſes fo ſurprizing a Thing depends, 
is not ſo well agreed. 

The Lord Brounker thougbt, that 
the Weight of the Air was much 
greater than anſwers to the Height of 
about 29 Inches ef Quickſilver, but 
that the Quickſilver as depreſſed to 
that Height, by the Air wvbich was 
inviſſbly mixed 4with it (unleſs it wa: 
cleared of it.) And after it was 
cleared of it, and there remained no- 
thing to reſiſt the Weight of the ex- 
ternal Air, but only the bare weight 
of the Quickſilver, then it r, found 
to be ctherwife ; and the Quickfilver 
was ſupported to a greater Height, by 
the Ballance of the Air. This is in- 
deed very ingenious ; but that which 
weakens very much this Explication, 
is, that upon te leaſt ſhaking of the 
Tube, the Quickfilver immediately 
ruſhes down: which could by no 
means be, if it were ſupported by 
an equal Weight of Air or /Ether. 

Wherefore the tamous Dr. Wallis 
attempted the Thing another way. 
He imagined, that all real Grawita.. 
tion, proceeded from the Preſſure vr 
Spring of the Air or tber, without 
which thoſe inaftrve Bodies which 
we call beauy, if once at reft, would 
remain ſo, wit bout any real Grawita- 
tron, or withyut deſcending, having no 
more {endency to myve dowmuards 
than fideway!, The Quickſilver 
therefore, when it 18 cleared of all 
Air from within, and ſuſpended in the 


| aforeſaid manner; when it is at reff, 


voll continue ſo, and retain its Poſi- 
tion, beyond the common Height neceſ- 
ary to an zquilibrium ; becauſe. 1t 15 
free from all Preſſure of the Air, and 
nit prefſed upon, either by iti Gra- 
wity, or by its Spring: But if it be 
put in Motion, either by any ſhaking 
of the Tube, or by any Motion within, 
from the Spring w4 the Air which 
was at firft left init, or is fince get in, 
then it will continue that Mat ion 
downwards ( that way being open.) 
But ſince it is now allowed, that 
(Gravity does not depend upon the 
Air or Æther, but is an original con- 


thus 


nate and immutable Affection of all 
Matter, neither can this Exp'ication 
be admitted. And indeed this very 
learned Perſon confeſſes , that be 
himſelf was not fatisfied with it. 
Therefore he adds, That the Super- 
ficies of the Tube however well po- 
liſhed, cannot be thought to be ſo free 
rom all Ruggedneſs or Inequality, 
but that there muſt remain ſome 
Roeugbneſi which muſt cauſe Cobæſi- 
on, or (if it be moved). ſome Frictian 
of the adjacent Body, whereby the 
Motion muſt be ſomething bindered. 
And indeed this Opinion comes 
nearer the Truth; and that chiefly 
becauſe upon the leaſt ſhaking of the 
Tube, the Quickfilver falls down, 
whence it is manifeſt, that the Suſ- 
penſion does not depend upon any 
permanent Cavſe, ſuch as the Gra- 
vity of the Air or Æther, but upon 
ſome accidental Thing, ſuch as ſome 
kind of Adhæſion- However, be- 
cauſe there does not appear to be any 
ſuch Reugbneſs in the, Superficies of 
the Glaſs, as this learned Perſon i- 
magines; it ſeems to be moſt pro- 
bable, that the Quickſilver remains 
thus ſuſpended from the Contact or 
Agreement of the Parts, the Force of 
which is always very great in every 
Effet of Nature. Thus, a plain and 
ſmooth Loadſtone applied to a Ball 
of Iron ſuſpended on a String from a 
Nail, will draw it much further 
from the Perpendicular, than in pro- 
portion to the Magnetick Force ; if 
it be pulled back witha gentle and 
even Hand, and be not ſeparated by 
any accidental Shake. 80 alfo 
Water will aſcend. in a Vacuum, in 
ſmall Glaſe Tubes open at both Ends. 
And two ſmooth poliſhed Marble 
will not be ſeparated, though the 
groſſer Air be removed. And fo the 
Parts of all hard Bodies (and in tome 
meaſure alſo of Liquids) cobære to- 
gether by Contact, that is, by that 
Attraction which always ariſes from 
Contact. See what is ſaid below at 
Chap. 22. Artic. 9. 
All the Author's Pains therefore 
about ſubtil Matter, and abcut the 
Pores 
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thus prepared, is cleared of ſome Matter, which before 
kept its Parts at a Diſtance, and made the Pores ſuffici- 
ently wide and long, to give free Paſſage to the ſubtil 
Matter; and becauſe it cannot thruſt the ſubtil Matter 
into the Place which it is diſpoſed by its Weight to quit, 
therefore 1t does not deſcend. at all : However, not ha- 
ving had any Opportunity to ſee how well this Experiment 
ſucceeds, and not venturing to fay that it is falſe, we re- 
main in ſuſpenſe, and do not determine which Body it 
is, through the Pores of which the ſubtil Matter paſſes, 
to fill the Top of the Tube. 

30. But to return to our Diſcourſe, and to continue to 3%: . 
draw the Conſequences which we think deducible from To 
what has been faid above; Let us ſuppoſe a Tube filled 2 if the 
with Quickſilver, and immerſed as uſual in a Veſſel, into — * _ 
which Part of the Liquid runs, till it is about the Height 11 that 
of Twenty ſeven Inches and a half, and then it be lifted be lber 
up a little above the Surface of the Quickſilver, ſo that one - wo —— 
Drop only of it may run out; then becauſe the Quickſil- 9.4. 
ver, that remains in the Tube, does not weigh ſo much as 
the Air without, it ought to be impelled with Violence to 
the Top of the Tube, and after that, its own Weight ought 
to make it deſcend on the one hand, as much as the Air 
makes it aſcend on the other ; and ſo we find it does, 

31. If, after having made the Experiment as uſual, we 37 —_ 
take the Tube out of the Veſſel in which it is immerſed, — V1 
ſtopping the lower Hole with our Finger, but not preſſing Weigbe of 
very hard upon it, then we ought not to feel, nor do we SO. 
indeed feel the Weight of the Quickſilver : For though it in che Tube. 
lies upon that part of the Finger, which anſwers to the 
Hole of the Tube, yet it is not heavy, becauſe it preſſes 
neither more nor leſs, than the external ſurrounding Air, 
which is applied to the other Part of the Finger, preſſes 
upon it, and repels it. And if in this Caſe, the Tube 
be opened at the Top, by ſuddenly removing that 


Pores through which that fictitious 
Matter ſhould paſs, is to no Purpoſe. 
For if there were a Paſſage for that 
ſubtile Matter, either through the 
Auichilver or the Glaſt; yet it 
would not be able to force the 
Nuickſilver up into the Tube, nor 
to ſuſtain it there: And if there be 
n0 Paſſage for it through either of 
them, then it would not ſuffer the 
Quickfilver to ſubſide again, as it 
10es when the Glaſs is ſhaken. But 
adeed the Particles of Quickſilver, 


I. 


when it is firſt cleared of all Air, 
cohare by mutual Contact, both with 
one another and with the Glaſs 3 
from a certain Attraction, which 
ceaſes, as ſoon» as the Tube is 
ſhaken, whereby the Particles are 
ſeparated from each other, and fram 
the Glaſs. And the ſame Experi- 
ment has been made in Water well 
cleared alſo of Air, by which means 
its Parcs approached nearer to Con- 
tact, See Newt. Optics, pag. 337 
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which it is ſtopped with, then we ſhould feel the ſame as 
if the Finger which is applied to the lower Hole received 
a hard Blow; becauſe the groſſer Air, which deſcends 
uick, and with great Force into the Tube, adds on a 
udden new Weight to that of the Quickſilver ;z and this 
is confirmed by Experience, 
_—_ * 32. If the Tube be not filled with all Quickſilver, but 
— ſome other Liquor be put in alſo, we may determine 
guence of fl- how far each of them ought to deſcend, by conſidering 


22 — how much that ot her weighs compared with the Quick- 

«ny other filver. For Inſtance: Suppoſe the Tube filled with Quick- 

Liguor. ſilver all but an Inch, and we would fill the reſt with | 
Water; becauſe Water weighs but a fourteenth Part ſo in 
much as Quickſilver, we ought to conclude, that it will are 

make it deſcend below the ordinary Station, the four- int 
teenth Part of an Inch, and conſequently the Water will fec 
be thirteen of the fourteen Parts above that Station. tur 

33. % 33. The like Calculation may be made, whatever lik 

hr ie heavy Liquor be put in inſtead of Water: However, it Ai 

1s Air, is to be obſerved, that the ſame Reaſon will not hold WI 
good for groſs Air. For ſince we know by Experience, ſw 
that it has a Power of expanding it ſelf very much, and de 
can eaſily be mixed with the ſubtil Matter ; we conceive at 


that by mixing it ſelf with that fine Matter with which 

the Top of the Tube is filled, it preſſes againſt the Top be 
of the Tube on the one Part, and upon the Top of the E 
Quickſilver on the other Part, and ſo by this means for- fi 
ces it much lower than it would force it by its own w 
Weight, which compared with Quickſilver bears no pro- ſt 


portion to it. ſi 
34. Tharthe 34. We foreſee alſo, that an Inch of Air will make ſt 
„ A 2 the Quickſilver deſcend ſo much the lower, by how much 1s 
— ac.” leſs the Tube exceeds Twenty ſeven Inches and a half in ut 


cording t the Length, becauſe the Power of dilating it ſelf, does in a 

_ „ manner reſemble a Spring: For as a Spring, the more it 

* me is bent, with ſo much greater Force does it unbend it ſelf; 
ſo the Air, the more it is compreſſed, with ſo much the 
greater Force does it dilate it ſelf; and in all this, our 
Reaſoning is confirmed by Experience. 

=5- ©) 25. But to give a plainer Proof (1) how much a little 

2 fo Air, when the Weight of the Column which it ſuſtains is ö 


Bladder, to take a Carp's-Bladder, and cutting off the leſſer Part at th 


beau bor 

much the 

Air is capa- (1 How much 4 little Air) See the Notes on Part III. Chap. 2. 
ble of £x Art. 3. Cl. 


pard;ng ut Neck, 


2 


r 


oa. oo; 
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Neck, where it is joined to the Greater, preſs the greater 
Part ſo cloſe, as to ſqueeze out almoſt all the Air that is 
contained in it: Then tie it up to keep in that which re- 
mains, which is not bigger than a ſmall Lentil : After 
this, let it be put into the Top of one of the Tubes 
made large like a Veſſel, and filled as uſual with Quick- 
filver, and managed in the ſame manner as the foremen- 
tioned Experiments, and then we ſhall ſee how ſur- 
prizingly the Bladder will ſwell round almoſt all at once, 
and appear to be blown as big as it was before the Air 
was let out. 
36. Now though there be much more ſubtil Matter 36. Fer 


in the Bladder thus diſtended, than groſs Air; yet we e immedi- 


are not to think, that it is that which preſſes the . 2 
internal Parts ofthe Bladder, and fwellsit thus ; this E 0 # th 
fect cannot be produced by it, becauſe it can eaſily re- — 
turn through the Pores by which it entered; it is more i. 
likely, (1) that this fine Matter agitates that little groſs 

Air which remains in the Bladder with great Violence, 

which Agitation is the immediate Cauſe of the Bladder's 

ſwelling : And this is ſufficiently evident ; for if the Blad- 

der be entirely emptied of the groſs Air, it will not ſwell 

at all, and if there be a little too much, it will break. 

37. In order to make this Experiment well, it ſhould 37. 4 re- 
be done with a Tube open at both Ends, and the upper gn 
End ſhould be covered with a Hog's-Bladder, moiſtned 5 Ez. 
firſt in Water, that it may ſtretch the better, and this perimene. 
will give us opportunity of obſerving another Circum- 
ſtance very curious; and that is, that as ſoon as the Quick- 
ſilver begins to deſcend, we ſhall fee the Hog's-Bladder 
{tretched, and forced into the Tube; the reaſon of which 
is; that then a very heavy Column of Air preſſes upon 
it, and there is none under it to ſupport it. 

38. If the Bladder be pricked with a Needle, and the 255 — 
Needle be pulled out a little, to let ſome of the gros 
Air in, and then the Hole be ſtopped; the groſs Air 
which enters in, will expand it ſelf round the Carp's- 

Bladder, and preſs upon it, and make it appear more or 
leſs wrinkled, according to the Quantity of Air let in. 

39. This Experiment may ſerve to undeceive thoſe, 49. he 
who upon reading Ari/totle have been of Opinion, that Ojefulneſs 
Air made ten times rarer than it is, arily changes its tu 
Nature, and is converted into Fire, For the Falſity of this 


(1) That this fine Matter) Not no ſuch Thing, but only the Elaſti- 
at Matter, for probably there is city of the Air it ſelf. 
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Imagination is clearly ſeen, by ſhowing that the Air con- 
tained in the Carp's-Bladder is rarified above a hundred 
Times, and yet does not at all alter its Form. 

40. When I ſpoke of the Height which the Quickſil- 


ver ſtands at in the Tube, I limited it to twenty ſeven 
Inches and a half, which is the common Height obſerved 


at Paris; but to ſpeak exactly, it is ſometimes higher, 
and ſometimes lower; becauſe the Air at different times 


is lighter and heavier. 


41. One of the beſt Obſervations that I have met with 
upon this Subject is this : That though we know by Ex- 


perience, that. the Air is condenſed by Cold, yet 


have 


never found that the greateſt Cold, made any Alteration 
of the Height of the Quickſilver in the Tube. Ihe Rea- 


ſon of which, in my Opinion, is, that the Cold being very 


near the ſame over a great Part of the Superficies of the 
Earth, the Air does not paſs from one Country to another 
ſo that the Bulk or Quantity of it is increaſed; but it 
being condenſed only from the Top to the Bottom, it 
is the fame. Quantity of Air, that preſſes upon any par- 
ticular Place of the Earth; ſo that all the Difference 
that there can arife in the Air, muſt be imputed to more 
or leſs (1) Vapours and Exhalations, which are contained 
in it at different Seaſons, and to the Winds which blow 


4 0 


ſometimes upwards and ſometimes downwards, F 


(7) Yapours ond Exbalations) It 
has been long cbſerved, that in cloſe 
and rainy Weather, the Quickſilver 
does not riſe ſo high, as when it is 
dry and clear; which has teen 
thought by ſome to overthrow the 
whole Theory of the Weight of the 
Air; and indeed it is very difficult, 
to explain particularly the Cauſes of 
all the various and minute Changes 
of the Heavens; a great deal is ow- 
ing to the Winds, which blow ſome- 
times upwards, ſometimes down- 
wards, and ſometimes fideways ; a 
great deal to Vapours ; a great de-! 
fo Steams r:fing out of the Earth; 
{omething muſt be aſcribed to the Al- 
ter ation of the Heavens inthe neigh - 
douring Countries, and perhaps ſome- 
thing to that Nux and Ru which 
the Moon cauſes in the Air, which 
is much greater than that in the 
Sea, Fe. To account for all which 
particularly and exact ly, would be 
endleſs. However, to prepoſe ſome - 
thing which may come pretty near 
the Truth 5 it is to be obiorved, that 


42. As 


the Air it ſelf is heavier than 55 
Vapours, and fitted to ſupport them, 
becauſe its Particles are groſſer, and 
ariſe from denſer Podies, than the 
Particles of Vapours. 

In the firſt P.ace therefore, this 
Weight of the Air, in any particular 
Country, may be. ſo changed by the 
Winds, that the Atmoſphere may 
be condenſed and made heavier, by 
bringing a greater Quantity of Air, 
and heaping it together; vr. when- 
ever two Winds blow at the fame 
time from contrary Parts of the 
Heavens; or ſome of the Air may 
be carried or blown away by them, 
and thereby an Opportunity given to 
the Atmoſphere to unfold it (elf, the 
incumbent Weight being taken oft, 
viz. as often as two Winds blow 
from the ſame Country to oppoſite 
Parts of the Heavens; or whenſoe- 
ver any one particular Wind is very 
fAirong ; for it is found by Experience, 
that an artificial ſtrong Wind makes 
the Air lighter, and the Quickfilver 
in the Tube to fall very much, 6 

foe 
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42. As to any Alteration in the Height of the Quick- 42, Thar 


ſilver, which may be thought to ariſe from the Dilatation — 
of the ſubtil Matter in the Top of the Tube, by the Summer, nor 
: Heat of the Summer, or the Contraction of it by the 7 —— 
q Cold of the Winter, it cannot be at all ſenſible : For % a on * 


Experience ſhows us, that if this Matter be heated by ſenſibly gi- 


» a Fire, much more than it can be by the Heat of the mor 
the Philoſophical Tranſa#ions, Numb, higher in the Tube, then the Hea- Habt Mar- 
n 292. vens are fair, but a little thicker, oof tbe 
Secondly, Cold and nitrous Par- and not quite fo blue, by reaſon of Tube. 
- teles of the Air it ſelf, condenſed by the Vapours which are every way e- 
p Cold from the North muſt condenſe qually diſperſed about; and as has 
\ the Atmoſphere wherever it comes, been by many obſerved, it does not 


and make it heavier. 

Thirdly, Heavy and dry Exhala- 
tions make the Air heavy (in the 
ſame manner as the Specifick Gra- 
vity of any Menſtruum is increaſed, 
by diſſolving Salts and Metals) and 
its elaſtick Force, as it is called, 
muſt thereby become ſo much the 
ſtronger. 

Fourthly, When the Air by theſe 
and ſuch like Cauſes is become hea- 
vy, then it is more able to ſupport 
the Vapours; which when they are 
entirely mixt with it, and ſwim 
about, and are every way diſperſed 
in it, make the Sky ſerene andclear: 
But when the Air from the contrary 
Cauſes, is made lighter, then is it 
unable to ſupport the Vapours with 
which it is always filled, and fo be- 
iag put into ſome ſort of violent A- 
gitation, they gather themſelves into 
Clouds and Mifts, and being formed 
into Drops, fall down. 

From theſe Obſervations, it is ve- 
ry evident, that the fame Cauſes, 
which make the Air heavier, and 
more able to ſuſtain the Quickfilver 
in the Tube, make the Heavens alſo 
clear and dry ; and by the ſame 
Cauſes by which the Air is made 
lighter, and leſs able to ſuftain the 
Quickfilyer, are Showers and Rain 

Hence it follows. Firſt, That when 
the Air is lighteſt, and the Quick- 


afford fo good a Proſpect of Things 
at a diſtance; and if there do ap- 
pear any Clouds, they are very high 
and move very flow ; and when the 
Air is heavieſt of all, the Eatth is 
ſometimes covered with very thick 
Clouds, which ſeem to conſiſt of 
heavier ſort of Exhalations, which 
the Air at that time is capable of 
ſuſtaining, but which cannot ſwim 
in lighter Air, 

Thirdly, Hence it is, that in our 
own Country, when the Cold is great- 
eſt, and the North and North Eaſt 
Winds blow, the Quick filver in the 
Tube is higheft ; becauſe at that time 
two Winds blow together upon our 
Country from oppoſite Parts of the 
Heavens ; for in the Atlantick O- 
cean, at the ſame Latitude with us, 
the Wind blows almoſt always from 
the Weſt, To which we may add, 
that the Air which is brought hi- 
ther by the North Wind , comes 
condenſed by the Cold. 

Fourthly, In the moft Northern 
Countries, there is greater Variation 
of the Height of the Quickfilver in 
the Tube, than in thoſe Countries 
which are more South, becauſe in 
thoſe Countries, the Winds are 
ſtronger and more variable; and 
oppoſed by each other in a leſs Tra 
of Land ; whence the Air is ſome- 
times more heaped up and conden- 
ſed, and ſometimes carried away and 


filver falls loweſt in the Tube, then lightned. 
the Clouds move very low and quick ; Laſtly, Between the Tropicks, 
and that clear Air, which after Rain, there is the leaſt Variation of all, in 


appears between the thick Clouds, 
being diſcharged of its Vapours, ſeems 
moſt tranſparent” and bright, and 
gives the beſt and eaſieſt proſpect of 
Things at a diſtance. 

Secondly, When the Air is more 
heavy, and the Quickfilver is raiſed 


the Height of the Quic kſilver in the 
Tube, becauſe there the Wind is 
for the moſt part very gentle, and 
blows the ſame way. 


See the Philoſophical Tranſaions, 
Number 181. , 
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Sun, it will not make the Quickſilver deſcend at all; 
and if the Heat of Summer can do nothing towards ſen- 
ſibly dilating it, the Cold of the Winter can much leſs 
do any Thing towards the condenſing it. 
| 43. How 43. But whatever be the Cauſe of the Quickſilver's 
—_ — riſing and falling in a Tube, where the Experiment is 
— in tbe Continual ; the greateſt Height that I have obſerved for 
Height of the fifteen Years, in a Tube which I prepared for that Pur- 
9 poſe, was Twenty eight Inches, and a third Part of an 
| Inch; and the loweſt was Twenty fix Inches and ſeven 
at twelfth Parts of an Inch; ſo that the greateſt Difference 
MW in the Height of the Quickſilver, was an Inch and three 
i quarters. | 
1 44 That 44. Though all theſe Experiments are ſufficient to con- 
38 rb. ee vince us, that it is by the Weight of the Air, that the 
1 Seeler Water or Quickſilver is ſupported or made to riſe in the 
x eught tobe Tube; yet it is eaſy to conceive how there may be an 
1 . % Alteration made in the Height of the Quickſilver, and yet 
. — ths no Change made in the Air it ſelf: In order to this, we 
„ Height. need only make the Experiment in two different Places, 
b the one the higheſt, and the other the loweſt that we can 
1 come at: For there being a leſs Quantity of heavy Air in 
the higheſt Place, the Quickſilver cannot be ſupported by 
it to ſo great a Height as in the loweſt, 
45. Ther} 45. Now in order to try if Experience would agree 
Experiment. with our Reaſoning, I filled a Tube three Foot and a half 
long, with Quickſilver, and immerſed it into a deep and 
{trait Veſſel, into which it emptied it ſelf as uſual ; after 
which I fixed them both in a Wooden Frame, made for 
that Purpoſe: And now the Inſtrument being ſuch as 
1 could conveniently be carried from one Place to another, 
= without any Danger of ſpilling : I carried it to the Sur- 
| face of the River Seine, which happened then to be frozen, 
and obſerved exactly the Height of the Mercury: After 
which, I went up one of the Towers of the Church of 
the Virgin Mary at Paris, which is about Two hundred 
| and fixteen Feet higher than the Place where the firſt 
; Experiment was made ; and here I found the Quickſilver 
| ſf was not ſo high in the Tube as before, by near three 
bj Lines, that is, near a quarter of an Inch. 
„ 4Artii,y 46. The ſame Experiment was tried in Auvergne, in 
| were ſ-nj.ble one of the loweſt Places of the Town of Clermont, and 
| © periments upon the Top of a neighbouring Mountain, called Py 
| de Dome, which is about three thouſand Foot higher than 
the Vally, and the Difference in the Height of the 
1 Quickſilver was found to be above three Inches. 
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47. As this Experiment is more ſenſible than mine, if 47+ 4 Me- 

it was made, as there is Reaſon to think it was, with all 2 
the Exactneſs one could wiſh; it furniſhes us with an Height 7 
eaſy Method of finding the Height of the whole Air, ſup- be Air. 
— * it to be every where of the ſame Denſity as it is 
near the Earth: For ſince upon taking away Three thou- 
ſand Feet of Air, the Quickſilver ſinks three Inches, this 
is a Proof, that a Column of Quickſilver of three Inches 
high, weighs equal to Three thouſand Feet of Air, and 
conſequently the Height of the whole Air, which coun- 
terpoiſes Twenty ſeven Inches and a half of Quickſilver, 
is Twenty ſeven thouſand and five hundred Feet high. 

48. As therefore we conclude, that when there is leſs 48. 757 alt 
Height of the groſſer Air to preſs upon the Quickſilver the Quick - 
in the Veſſel ; there ought alſo to be leſs Height of that ae . 
in the Tube; for the ſame Reaſon, if we ſuppoſe that b Tube, if 
there were no groſs Air at all to preſs it upwards, we bene were no 
ought to conclude that all the Quickſilver would fall down, — keg 
_ That in the Tube would be level with that in the te Ve. 

eſſel. | | 

49. Some have imagined it impoſſible to make any 49. 4 De- 
Obſervation by which it ſhould appear, that Reaſon and /riptim of 
Experience agree in this Particular ; becauſe there is no . 
Mountain high enough to carry us up to the upper Sur- «bir Expe- 
face of the Air; and becauſe, if there were, the Air t. 
would be ſo thin, that we could not breathe in it. But I 
thought of a Means to remove theſe two Difficulties, and 
by which the Thing might eaſily be effected; and that 
was, to prepare ſome ſmall Room, with tranſparent 
Walls, which one might ftand without and look upon, 
without any Danger from what might happen within. I 
cauſed therefore a Glaſs Inſtrument to be made, accord- 
ing to the. following Repreſentation, BC is a Tube, Tab. I 
upwards of Twenty ſeven Inches and a half long, and Fd. 
is open at C: AB is a large Cavity, which has a Com- 
munication with BC by the Part BL, and is cloſed, and 
has no Aperture at A: DE is a ſmall Glaſs Tube ſtop- 
ped up at the End D, and ſticks out of the Cavity AB 
by the Length FE, and is open at E: Beſides there is 
2 ſmall Hole F in this little Tube, where it is cemented 
on the outſide to the Glaſs AB in ſuch a manner, that 
the Cavity of the little Tube has a Communication, 
with the large Cavity AB by this little Hole F : Laſtly, 
by means of the Neck B G, the external Air has a 
——— with that in the whole Tube ABC. 
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50. I firſt ſtop the Hole G with a Hog's-Bladder, and 
turning the whole Inſtrnment, ſo that the End C may 


be uppermoſt, then I pour in the Quickſilver at the 
Hole E, which at firit falls only in the little Tube DFE, 


but when it is full up to F, then continuing ſtill to pour 


81. Ser- 
prizivg Ef- 
jets from 
che Entrance 
of tbe Air 
znto the Ju- 
frument, 


in, it runs through the Hole there, and fills the Cavity 
AB which ſurrounds this Tube, which I fill up as high 
33 B; then I fill the reſt of the large Cavity, pouring 
the Quickſilver in at C, till it riſes as far as the Hole E, 
which I ſtop then with a Hog's-Bladder ; after this, I 
continue to pour the Quickſilver in at the Hole C, *till 
the Tube BC is quite full: Having done this, I ſtop 
the Hole C with my Finger, and invert the whole In- 
ſtrument which is full of Quickſilver as uſual, and im- 
merſe it in a Veſſel of the ſame; Then the Cavity AF 
empties itſelf as far as IL, and at the fame Time, the 
little Tube-DFE empties it ſelf to the fame Height, and 
the Tube C empties it ſelf to H, which is Twenty ſeven 
Inches and a half above the Quickſilver in the Veſſel : 
And thus we ſee that Reaſon and Experience agree: for 
as there is no grois Air to preſs upon the Surface II. 
of the Quickſilver which remains in the Baſon IFL, 
ſo there is nothing to force it to riſe in the little Tube 
DEE: 
51. Now if the Hog's-Bladder which ſtops the Hole 
at G, be pricked with a Needle, it is evident, that the 
groſſer Air which enters into the Cavity ABG ought to 
oduce T wo very different, and therefore very remark- 
able Effects: The firſt is, That preſſing upon theQuick- 
ſilver which is directly under G, it will cauſe it to de- 
ſcend; and alſo preſſing upon the Surface IL of the Quick- 
ſilver which remains in the Baſon IF L, it will make Part 
of it to aſcend in the little Tube DFE, and fill it quite 
full, provided it does not exceed Twenty ſeven Inches 
and a half in Length. The Experiment will be more 
pleaſant, if after the Hog's-Bladder, with which the 
Hole G is ſtepped, be pricked, the Needle be pulled 
back ſeveral times a very little, to let a little Air in at a 
time through the Hole, and then thruſt forward to ſtop 
it again: for then you will have the Pleaſure to ſee the 
Quickſilver in the little Tube DFE aſcend by little and 
little at the ſeveral times, and that in the Tube BC 
deſcend in the ſame manner. Then if the Needle be 
pulled, out all at once, you will tee at the ſame time 
| it 


» #- 
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it will riſe as much on the one Hand, as it falls on 
the other. (1) _ _ . 

52. If the Liquor with which the belonging to 52+ Thr 
the Tube is fled, . falls all down, becauſe there is no Air gin = hg 
to ſupport it, as we ſee in the faregoing Experiment, dms into 
where the little Tube DFE, is entirely emptied of the 2 Syringe 
Quickſilver ; the Reaſon holds ſtronger for its not riſing, 5 fl. , 
if there be no Air to thruſt it up; wherefore there is no ſupport it. 
need of making any Experiment, to be affured, that the 
Water ought not to riſe in a Syringe, when the Sucker is 
drawn, if the Veſlel in which the End of the Syringe is 
immerſed, be ſo ſtopped, that the external Air cannot 
enter into it. But if any one be ſtill fo obſtinate, as not 
to be content without referring it to Experience, he need - 
only put the End of the Syringe into the Mouth of a 
Glaſs Bottle, which is round and ftrong, and full of 
Water; but not begin to draw the Sucker, till the 
Mouth of the Bottle be well ſtopped with Wax, or ſome 
ſuch Thing, to prevent the external Air entring; and 
then he will ſee that the Water will not riſe at all in the 
Syringe, | 

53. That we may goon to explain the moſt confidera- 54. Ny 
ble Phenomena of Hydraulick Inſtruments; I come now . Weighe 
to give an Account of the Syphon. Let ABCD then be ee 
ſuch a Syphon, the ſhorter Arm of which CD is put in- 4, rale be 
to a Veſſel of Water; Then, as has been often ſaid, the - _—— a 
Air which preſſes upon the Water which is in the Veſſel, Tab. 11. 
ought not to make it riſe up in the Syphon, becauſe the Fig. 1. 
Air which is in the Syphon hinders it. 

54. But if the Water in the Veſſel be made to riſe up 5+; er 


into the Syphon, either by ſucking it at the End A, or 7 
any other Way, ſo that it be filled quite full of Water, cer triſing in 
and then we take our Mouth away from the Hole A, the ben. 
Water will not ceaſe to run, but continue running, fo 
long as the ſhorter Arm CD remains in the Water in the 
Veſſel]: The Reaſon of which is this. So long as the 
ſhorter Arm CD is immerſed in the Water, the Force f 
the Air indeed, which preſſes upon the Water in the Veſ- 
ſel, and which endeavours to make it riſe in this Arm, is 
not ſenſibly greater or leſs, than the Force of the Air 
which endeavours to repell it, when it offers to run out 
at the Hole in the other Arm : But becauſe the Force of 


(1) You may find the Deſcrip- Air Pump of the famous Mr. Boyle 
tion of an Inſtrument not much exceeds them all, and is fo well 
unlike this in the Experiments of known, that I need not deſcribe its 
the Academy dil Cimento, But the 

| each 
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each of theſe two Arms is diminiſhed, in proportion to 
the Weight of the Water which each of them impels; 
and the Weight of the Water in the longer Arm being 
heavier, than that in the ſhorter Arm ; it follows, that 
there remains more Force in the Air which acts upon the 
Water in the Veſſel, to make it riſe up in the ſhorter 
Arm, than there does in the other to repel ; ſo that it is 
indeed made to riſe, and forced to run out through the 
longer Arm, notwithſtanding the Reſiſtance of the Air 
which oppoſes it. 

55. I here ſuppoſe, that the Arms of the Syphon do 
not exceed that Height of the Liquor which the Air would 
Syphon muft ſuſtain in a perpendicular Tube; for if they be longer, 
be for tbe the Liquor with which the Syphon is filled, will divide 
Water to aſ at the Top, and deſcend in each of the Arms; which 
_ is confirmed by Experience. 

56. Hw 56. After ſo many different Explications as have been 

7b. Air i: already given, I don't think it neceſſary to inlarge much 

ee upon explaining how the Air enters, and is received into 

Bellows, A Pair of Bellows ; for it is eaſy to apprehend, that when 
the Sides are ſeparated from each other, they thruſt for- 
ward the Air, which not being able to move freely every 
way (1) becauſe the World is full ; or at leaſt not being 
able to enter in at the Noſe with Eaſe, and quick 
enough to fill readily that Space which is left by the Sides 
of the Bellows when they are opened ; it is turned back, 
and enters with Eaſe and Swiftneſs through the Holes of 
the Bellows. 

f 57. It is proper here to obſerve, that we receive in the 
wn Ur by Air by Reſpiration, much after the ſame manner : For it 
Reſpiration, is certain, That the Muſcle of the Thorax and Abdo- 

men, ſerve to diſtend, and ſwell the Body, by which 
Means the Air being thruſt back, gets into the Hollow 
of the Lungs through the Mouth and Noſtrils. 
3. Whenes 58. The only Difficulty here is, that ſince we ſuſtain a 
it is that ve great many Columns of Air, which are all heavy, and 


Part J. 


55. How 
bigb tbe 
Arm of the 


HER Dif- which preſs upon the external Parts of our Body, and 


thruſt it inwards; it ſhould ſeem that we ought to feel 
ſome Difficulty in breathing, in order to overcome this 
Reſiſtance : But the Anſwer is eaſy ; For if there be ſome 


breatoing. 


(1) Becauſe the World is full) open. 
Whether he World be ſull or aut, 
it is the ſame Thing; for jt cannot 
be, but that the Air by its own 
Weight (and Spring) muſt ruſh into 
the empty Bellows when they are 


Which 1 remark here, to 
ſhow, that whatever becomes of the 
Fulneſs of the World, the Explica- 
tion of theſe and ſich like Motions, 
is the ſame. 


to 
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| to thruſt it inwards, there are alſo a ſufficient Quantity 
of others, which enter into the Cavity of the Breaſt to 

preſs it outwards ; ſo that there is an æquilibrium between 

theſe Forces or Powers : and this is the Reaſon why we 

ought not to find any Difficulty in Breathing, or if we 

| do, it is owing to ſome other Cauſe. 

59. The ſucking in of Air through a Quill is done in 30. Hew ie 
the ſame manner as Reſpiration ; for it is the ſame as if £45, 4; 
our Mouth were as long as the Quill. 

60. If we try to ſuck a heavy Liquor through a Quill 60. wy ie 
dipped into it, we ought to find ſo much the greater Dif- i e diff- 
ficulty as the Quantity of Liquor we make to rife is {2 — 

greater; becauſe this Liquor preſſing by its Weight upon gur. 

the external Air which endeavours to raiſe it in the 

Quill, (1) hinders it from impelling and aſſiſting the Air 

which is in the Lungs, ſo much as it uſually does; by 

which means the Air in the Lungs is weakned, and has 

juſt ſo much leſs Force to thruſt the Parts of the Body 

outwards, than the Air which is applied to the external 

Surface of the Body has to thruſt them inwards, as the 

Liquor which is cauſed to riſe in the Quill is heavier. 

61. I ſhall finiſh what I have to ſay concerning this 61. Cen- 

Sort of Motions, with explaining that Swelling whic Tecs. 

Surgeons make in the Fleſh, by the Application of Cup- ping-Gloſfes 

ping-Glaſſes ; the common Method of which, and that 

to which all others may be reduced is this; They take a 

ſmall round Card, upon which they fix four ſhort pieces 

of Wax-Candle, which they light, and ſet like a Candle- 

{tick upon the Part of the Body which they intend to cup: 

Then they cover all the Candles with the Cupping-Glaſs, 

but do not put it cloſe to the Fleſh, *till the Air that is 

within it, is ſufficiently heated ; then as ſoon as it is 


(1) Hinders it from impelling) If 
the entire Weight of the Liquor only 
be confidered ; we muſt ſay, that the 
Difficulty of Sucking, is therefore 
greater or leſs, becauſe, in proportion 
to the greater or leſs Herght or Thick- 
neſs of the Column of Liquor, the 
breaſt is more or leſs diſtended by 
the Power of the Muſcles ; fo that 
the Reſiſtance of the internal Air 
(by whch it endeavours to hinder 
the Liquor from rifing ) muſt be ſo 
much more or leſs weakned by Ra- 
re faction, according to the Power of 
the external Air, to raiſe up the hea- 
vy L:quor to the Mouth. Bur be- 
cauſe tne Columas of Liquor are rai- 


ſed by the external Air with lefs or 
greater Difficulty, according as they 
are leſs or greater in Height and get 
in Thickneſs ; therefore if we ſuppoſe 
two ſuch Columns, one of which is 
twice as high as the other, and this 
other twice as thick as that; though 
it be plain, that in both Caſes, there. 
is the ſame Quantity of Air to be 
ſucked out of the Quill, and the ſame 
Quantity of Liquor to be ſucked 
through it; yet it is evident, that a 
greater Diſtention of the Breaft, and 
a greater Force of the Muſcies is 
re quited, that is, it is more difficult 
to fuck or raile up che Firſt than 
the S. cond. 


put 
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put cloſe, the Candles go out, and we fee the Fleſh fwell, 


and riſe up. 

62. Wh 62. In order to underſtand the Reaſon of this Experi- 

the Flas ment, it is to be obſerved; that during that ſhort time 

ſroells., that the Candles continue light, the Air which is in the 
Cupping-Glaſs, (1) though very much agitated and di- 
lated by the Flame, does however prefs upon the Fleſh, 
as much as it did before; becauſe the Cupping-Glafs being 
not yet put quite cloſe, does not take off any of the 
Weight, which it had before it was dilated ; but it is 
otherwiſe after the Candles are extinguiſhed by the im- 
mediate Application of the Cupping-Glaſs to the Body : 
For then the Air which is contained in it, is no longer 
preſſed upon by the Air without; and as it grows cooler, 
it has not Force ſufficient to take up ſuch a Compaſs, as 
when it was agitated by the Heat: Wherefore ſince all 
the other Parts of the Body are preſſed upon by the ex- 
ternal Air, which alfo vreſfes the Cupping-Glaſs to the 
Body, the one muſt of neceffity enter into the other; 
that is, the Fleſh muſt be thruſt into the Cupping-Glaſs, 
and the Air within it condenſed, 
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(1) Though very much agitated This Explication had been ſomewhat 
and dilated by the Flame, does howe- more plain, if the Author ſaid 
ver preſs upon the Fleſh as much as though dilated by the Flame, yet 
ie did before, becauſe the Cupping- ſince it is very much agitated, it does 
Glaſs being not yet put quite cloſe, boxwewer. Nor was there any need 


does nat take off any of the Weight, of bawing recourſe to the Weight of 


which it bad before it was dilated) the external Air bere. 
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HAF. III. 


Of the Determination of Motion. 


1. What is WHEN a Body moves any particular way, the 
meant by the Diſpoſition that it has to move that way, rather 


e than any other, is what we call its Determination. 


tion. 2. Determination is a Mode which is diſtinguiſhed 


2. Toa from Motion, and which may remain the ſame, how 
ſuch Deter- 


mination is Much ſoever the Motion be increaſed or diminiſhed : 
ſomething Thus a Stone that falls freely in the Air, has a certain 
1 Quantity of Motion, and at the ſame time has alſo a 


The firs Certain Quantity of Determination of Motion downwards; 
Prof, and 


e W 
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and if it had been thrown oblique from the fame Place, | 
ſo as to have come to the Ground in the ſame time, it 

would have had the fame Quantity of Determination, 

but a greater of Motion. | 

3. Another Proof that Determmation differs from M. 3. Ancther 
tim, is, that it depends upon a different Cauſe from that L. 
of Motion; thus in a Ball ftruck by a Racket, the Mo- 
tion is owing to the Force with which the Racket is 
moved, but the Determination towards any Part is owing 
to the Situation of the Racket. ä | 

4. Since every Thing endeavours as much as it ean to 4. Bar 
continue in the State in which it once is, it is evident, Body dees 
that a Body which has once begun to move with a cer- 5, cond of 
tain Determination, ought always to keep the ſame ; that re; 5 * 
is, it ought a to move in a ſtreight Line; for this is way, br 
the only Determination that is (1) natural to a Body in „ee 
Motion: Wherefore when it was ſaid above, that when a | 
any Body was moved in a ſtreight Line, other Bodies Line. 
muſt neceffarily be moved with a circular Motion, we 
are not to think, that thoſe which thus turn out of a 
{treight Line, tend to do ſo of themſelves, but they are 
forced to do ſo, by meeting with, and being impelled by 
other Bodies. 

5. Therefore when we fee a Body move in the Sides , Ja- 
of a Square, we conclude, that in the Places where it evtry Body 
changes its Determination, it is forced to turn out of the — 
way, by meeting other Bodies, the Reſiſtance of which, is forced 6 
it could not overcome. So likewiſe if a Body moves 40 fe. 
through the Sides of an Octagon, we can't but ſay, that 


(1) Natural to a Body in Mo- 
tron) Mr, Perrault in his Tentam. 
Phyſ. Tem. 1. p. $0, 88. contend, 
that Motion in a Circle is as natu- 
ral as ig a ſtreight Line; for ter- 
reſtrial Bodies turned round, endea- 
vour to go off from the Center of 
their Motion, becauſe they are hea- 
vy; but if a Body that had no 
Weight at all were turned round, it 
would revolve about its Centerfreely 
without any Impulſe, and would not 
endeavour to go oft from it: Thus 
it a, Ball of Wax be ſo made hollow, 
as to equal in Weight an equal Bulk 
of Water, it will ſo comply with 
the Motion. of the Water turned 
round in à Veſſel full of Water, 
that it will always deſcribe the ſame 
Circle, and never attempt to go oft 
from the Center of its Motion. 
ut ( befides that there is no ſuch 


Thing as a Body void of all heavi- 


neſs this Aſſertion is contrary to all 


Reaſon, and this very Experiment 
proves nothing le, than what this 
eminent Perſon imagined : For 
what can be more evident, than that 
this Ball endeavours to go off from 
the Center of its Motion, but an- 
not get off, becauſe all the Parts of 
the Water endeiyour- at the ſame 
time to go off from the ſame Center, 
and with the ſame Force, becauſe 
equally ſolid ; and therefore ſince the 
Sides of the Veſſel hinder them from 
going all off together, there is no 
rea ſon why the Ball of Wax ſhould 


recede from the Center, and impel $ 


the Parts of the Water tothe Cen- 
ter, any more than there is for the 
Parts fof the Water to recede from 
the ſame Center, and drive the Ball 
thither. 


t 
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it is eight times forced to turn out of the way; and ſince 
a Circle is equal to a Figure of an infinite Number of 
Sides ; it follows, that a Body which moves in a Circle 
is forced to turn out of the way every Moment, either 
by the continual Reſiſtance of Bodies which it every where 
meets with, or becauſe it is retained by ſomething which 
obliges it to keep always at the ſame Diſtance, and to 
run through the Circle deſcribed ; otherwiſe it is certain 
it would not deſcribe a Curve Line at all. 
koala, 6. For Example; if the Body A deſcribes by its Mo- 
then itought tion part of the Circle BCD, it muſt be continually turn- 
to movein ed out of its Courſe from one of the forementioned Cau- 
= nc, of ſes: If, when it comes to the Point D, it ſhould be no 
cle which is longer forced; either becauſe the Bodies which it meets 
2 with, ſhould make no further Reſiſtance, or the Thread 
— which connected it with the Center, and hindred it from 
Fig. 2. fly ing off, ſhould break; it would not continue to de- 
ſcribe the Arch DEB, but it would deſcribe a ſtreight 
Line, which would run the moſt directly that is poſſible 
from the Arch CD, that is, it would deſcribe the Line 
DF, which is the Tangent of this Circle, and makes the 
leaſt Angle that can be with the Circumference, and 
which, as you ſee, grows more and more diſtant from 
the Center : This is confirmed by an infinite Number of 
Experiments. 
7. Bodies 7. And ſince a Body in Motion has always a Tendency 
1 to deſcribe that Line, which it would deſcribe if it were 
endeavour to at liberty; and what was ſaid of the Body A, is to be 
ge of from underſtood in general of all other Bodies; we muſt con- 
— Gente” I clude, that Bodies which move in a Circle, have a per- 
which they petual Tendency to recede from the Center of their Mo- 
deſeribe, nd tion; and this they ought to do with a Force ſo much 
3 the greater, as their Motion is quick. Wherefore, if the 
proach tc it. greater part of the Space contained in the Circumference 
BCDE be full of Bodies which move round the Center 
G, they will puſh all the other Bodies with which they 
are encompaſſed, and drive them as far from the Center 
as they can: But if theſe Latter can find no Place to reti 
to, they will be forced, in order to give Place to the other, 
to go nearer the Center; in the ſame manner as when we 
8. Thar dip our Hand into a Pail of Water, the Water is forced to 
Budyin give way to our Hand, and to remove from the Bottom, 
CEO which it has a T endency to by its own Weight. 
anther Body 8. It is evident, that a Body loſes ſo much of its own 
ene . Motion as it communicates to other Bodies : Now if it 


ewpht ts be communicate; no Motion at all to others, (we do not 
reflettcd, here 
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here conſider what may be occaſioned by its Softneſs, 
Weight or Figure) we have no Reaſon to think that it 
ſhould at all abate of its Velocity, Wherefore if a Bo- 
dy in Motion ſtrikes upon another, which it cannot move 
at all, we ought to conclude, that it will continue ts 
move on with the ſame Celerity as it did before ; but 
becauſe the Body, which it cannot move, hinders its 
Determination, it muſt neceſſarily alter this Determina- 
tion, that is, it will be reflected. | 

9. This Second Determination, may indeed be con- 9. That 
trary to the F:r/? : but becauſe the Notion we have of — — 
reflected Motion is not different from the Notion we have 2%, i 6; 
of direct Motion, we ought not to think that theſe Mo- Pone of 
tions are contrary to each other, but that (1) the one is en. 
only a Continuation of the other, and conſequently, 
that there is not any Moment of Reſt in the point of 
Reflexion, as ſome Philoſophers have imagined. 

10, Beſides, if a Body which was in Motion, comes , Tor 
to be but one Moment at Reſt, it will have wholly — 
changed its manner of exiſting into the contrary, in which bl, if 
there will be as much Reaſon for its continuing, as if it %% @ 
had been at Reſt a whole Age; in the ſame manner, 2s , 
if a Body which was once ſquare, was made round but 
one Moment, it will have as much Reaſon as ever it 
had, to continue in this Figure. | 

11. When a Body falls perpendicular upon another, 2 2 
which is hard and immoveable, it is evident, that the Re- ,,1/,...... 
flexion ought to be made in the ſame Line, in which di 
the Body moved before, there being no Reaſon why it % an 
ſhould incline one way rather than another: Wherefore ways, ko 2 | 
there is no Difficulty in this Matter, except when the e perpen- 
Line in which the Body begins to move makes oblique “. 
Angles with the Superficies of the Body againſt which it 
ſtrikes. But the Judgement we are to make of this, de- 
pends upon what we are going to fay concerning the 


Compoſition of Motion, and of its Determination. 


(1) The oneisen'y a Continuation 
of the other) But it is not ſo. For 
Bodies which are either abſolute'y 
bard, or þ» ſoft, as to be woid of E- 
laſticity, wwiil mot rebound from each 
other, Impenetrabilty only mak-s 
them ſi p. Newt, Optic. pag. 373. 
See above, Chap. x. Artic. 13. 

Further, there may be a Moment 
of Reſt, in the Point of Reflexion: 
b:cauſe the reflected Motion, is not 


Vol. I, 


a Continuation of the Dire ; but a 
new Motion imprefied by a new 
Force, vix. the Force of Elaſticity, 

As to what our Author fays ; that 
if the Body reſted but one Moment, 
ir ought as much to) continue in that 
new State of Reſt, as i? it had reſted 
a whole Atze; it is indeed true, with 
regard to the former Motion 53 but 
ſiace Elaſticity is the Cauſe of a de 
Motion, the Reaſon is very 4iflerent, 
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CHA ÞP. XIV, 
Of the Compoſition of Motion, and of its Deter- 


mination. 
1. What is L L Motion that depends upon two or more Cauſes, 
meant by we call Compound Motion: Thus, if one Force 


_— acting upon the Body A, would cauſe it to move along 


the Line AB, and at the ſame time another Force acting 
upon the ſame Body A, would cauſe it to move along the 
Line AC, the Motion which will ariſe from the Action 
of theſe two Forces, or from theſe two Cauſes, will be 
a compound Motion, 
2. Twoother 2. In order to find out. what Line the Motion, which 
Metiens be- depends thus upon two Cauſes, ought to be made in; 
Ga tbecom. let the two Lines be drawn, which the Body would move 
pound Mo- in, if each of theſe Cauſes produced their Effect ſepa- 
_ rately, For Example, if the firſt Cauſe would in a given 
. ake the Body A move from its Pl far 
Fig. 3. ime, make the Am rom its Place, as far as 
B; and if the Second Cauſe would in the ſame Time, 
make it move to C; let the Lines AB, AC, be drawn ; 
then having divided the Time in which this Motion was 
made, into as many equal Parts as you will, divide the 
Line AB into as many, by the Points E, F, G, and the 
Line AC into as many alſo, by the Points H, I, L; fo 
that, if the firſt Cauſe acted alone, the Body A would 
come to the Point E, in the firſt Part of the Time; to 
the Point F, in the ſecond Part; to the Point G in the 
third Part; and to the Point B in the Fourth ; and if the 
ſecond Cauſe, produced its Effect ſeparately, the Body 
A would come to the Point H, in the firſt Part of Time; 
to the Point I in the Second; to the Point L in the 
Third; and to the Point C in the Fourth: After this, 
draw the right Lines EM, FN, GO, BD, parallel to the 
Line AC; and the Lines HP, IQ, LR, Co, parallel to 
the Line AB: This being done, the Points 8, I, U, D, 
where theſe Lines interſect each other, will determine the 
Line in which the Compound Motion is made. 
4 b. 3. For it is certain, that the firſt Cauſe is anſwered, by 
mnfratim allowing the Body to move to the Line EM in the firſt 
2 Part of "Time, and the Second is anſwered, if we allow it 
Helle, to be found in the Line HP in the ſame time; where- 
fore both theſe Cauſes are anſwered at once, if the, Body 
comes to both the Lines EM, HP, at the ſame Time L 
whic 


Tab. II. 
Fig. 3. 
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which it cannot do, but at the common Point S. Again, 

it is evident, that the firſt Cauſe is anſwered, if we allow 

the Body to come to the Line FN in the ſecond Part of 
Time ; and the ſecond Cauſe is anſwered, if it be al- 

lowed to come to the Line ICQ) in the ſame Time; and 
conſequently it is certain, that, in order to anſwer both 

theſe Cauſes together, it muſt be found in theſe two Lines 

at the ſame Time; viz. in the Point T where they in- 

terſect each other. So alſo we may prove, that the Body 

ought to be found in the Point V, where the Lines, GO, 

LR, interſect each other, to anſwer the ſame two Cau- 

ſes; and at laſt in the Point D, where the Lines BD 

and CD interſect one another (1). 

4. Where (2) the ſimple Motions are equal, as in the 4. In what 

firlt Figure, the compound Motion is in a freight Line: Lie den- 


But where the {imple Motions are unequal, as in the Se- ne. be 

cond Figure, the Motion will be made (3) in a Line mage. 

differently curved, according to the different Inequalities 

of the ſimple Motions, ; 
5. If more than two Cauſes concur to produce a com- 5- How to , 

pound Motion, it may be determined in this manner : 2 

Firſt draw the Line in which the Body ought to be mo- pounged of 

ved, ſo as to anſwer two Cauſes ; then, taking the Mo- more than 

tion in this Line, as if it aroſe from one Cauſe only, rv jo a 

draw the Line which it ought to deſcribe, ſo as to an- 


Ge \ F 


; (1) Such a kind of Motion as this, of the Air, which could not but 
f is that of an Arrow, in the famous reiard the Motion of the Ball, might 
z Experiment of a Ship under full perhaps be the fole Cauſe why the 
Sail; where an Arrow being ſhot Ball fell ſo much on this fide the 


CF 4 P = ys 


perpendicularly, falls down again up- 

on the fame Place on the Deck, 
whence it was ſhot : For the Arrow 
has a double Motion impreſſed up n 
it at the ſame time z one by the Bow 
or Hand which ſhoots it, and the 
other by the Ship moving along 

Something like this wos obſerved at 
Florence, where a Leaden Ball ſhot 
perpendicularly up out of a Musket 
fixed in a Woodea Carriage made to 
move very ſwiftly, fell about ſeven 
Foot on this fide the Mouth of the 
Musket, which moved Sixty four 
Paces. See Exper. Acad. del Ci- 
mexto. p. 145. Perhaps the Muf- 
ket, was not erected exactly perpen - 
dicular, or was moved ſomewhat 
ſwifter after the Ball was ſhot out, 
than when it was ſhot ; or it neither 
of theſe happened, yet the Refiſtance 


Vor. I. 


Musket. 

(2) The fimple Motion: are equal) 
It is to be ob ſerved, that (hoſe fmple 
Motions which are here 
compared with each o- 
ther, and are cal ed qual 
or unequal, are not thoſe of d'ferent 
Determinations (ſuch as AB, AC,) 
but the Parts of the Motion of ne 
and the ſame Determination (vi. 
AE, EF, Se AH, HI, &:.) 
compared t ge her. 

(3) in a Lins differently curved) 
When one or both the fimp.c Mo- 
tions is alte ed gradually and every 
Moment; the Line which is deicrt- 
bed, may be conceived to de bent n- 
to an infinite Numbe- of {mal Lives 
which end in Curve Such is the 
Motion of projefted Bodies. See the 
Notes on Part II. cb. 28. Artic. 16. 
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fwer this Cauſe, and a Third, and ſo on, if there be a 
fourth or fifth Cauſe, producing its particular Effect. 
6. Thatthe ©. It is caſy to ſee, that the Ball of a Cannon which 
Metien of a ſeems to be driven by the Fire level with the Horizon, 
. eee does notwithſtanding move in a Curve like that deſcribed 
a compound in the ſecond Figure; for there are two Cauſes which 
Motion. concur towards its Motion, the firſt of which, vix. that 
which cauſes the Ball to move upon the Level, ought 
continually to diminiſh, becauſe it communicates, by lit- 
tle and little, its Motion to the Air which it diſplaces : 
and the ſecond ought to increaſe, becauſe we find by Ex- 
perience, that the Fall of a heavy Body is flower at 
the Beginning than afterwards. 


7. That the 7+ The Exactneſs of the Cannoneer in levelling the 
levelling it Cannon to the Mark which he looks at, ought not to 
— make us alter our Opinion, and to think immediately 
Grows that that the Ball is carried in a ftreight Line: For if we ob- 
tbe Ball ſerve, that the Cannon is not every where of an equal 
_—_— Thickneſs, and that the Line AB by which the Mark 
Fig. 4+ is aimed at ; is at firſt above, but goes afterwards below 
the Line of Direction CD ; we ſhall conclude, that if 
the Ball hits the Mark, it has doubtleſs fallen a little, or 
elſe it would have gone a little above it. 
8. What s 8. As there are Compound Motions, ſo alſo are there 
meant by compound Determinations, and, it may be, when the Mo- 
Balena. tions are the moſt ſimple that can be: Thus we fay, a 


tien. Determination is compounded of two others, when a Body 
moving in a {imple Line to a certain Place, is at the ſame 


Tab, II. time carried two different Ways; as if the Body A be 
Fig 3. moved with a ſimple Motion from A to B; becauſe at 
the ſame time, it continually approaches the Lines BC, 
BD, we ſay, that the Determination, by which it is car- 
ried from A to B, is compounded of two others, one 
of which would make it go towards D, and the other 
at the ſame time carry it from A to C; and theſe Dif- 
tances are the Meaſure of its Progreſs towards theſe dif- 
ferent Parts, 
g- That me 9. For the ſame Reaſon that we conſider any one De- 
= hare amy termination as compounded of two ſimple Determinations, 


tim may be WE may as well conſider it as compounded of innumerable 
compeunded others. Thus the Determination from A to B may be 
9 many di, conſidered as compounded of the Determinations from A 
to E, and from A to F; becauſe when the Body A 
moves from A to B, it continually approaches BE and -4 

alſo, 
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alſo, from which it was diſtant by the Length AE and 


AF (1). 


(1) From this Principle, the 
Method of explaining the Forces of 
the Mechanick Powers (as they are 
called, may excellently well be 
deduced. 

For fince a Body with two united 
Forces, always deſcribes the Diago- 
nal of a Parallelogram, in the ſame 
Time, as it would do the Sides, if 
the Forces were ſeparate; it is evi- 
dent, that any Force whatſoever, a K- 
ing in a given Direction, may be look- 
ed upon as the Effect of two other 
Forces acting in Directions, which 
at the ſame Point, ſhall on each ſide, 
be any way inclined to the given Di- 
rection, provided they make an An- 
gle leſs than two right ones: And 
this is abundantly confirmed in Me- 
chanicks; for by ſuch a Reſo'ution 
of a given Force into two others, 
the known Properties of the Me- 
chanick Powers, ſuch as the Bal- 
lance, the inclined Plain, &c, miy 
eaſily be deduced. 


Of the Ballance or Leaver, Prop. I 


If two Forces, which act upon the 
Arms of a Ballance in given Direc- 
tions that are in the ſame Plain 
with thoſe Arms, ballance one ano» 
ther; theſe Forces are to each other 
reciprocally, as Perpendiculars let 
fall from the Center of the Ballance, 
to their Directions. 


DEM I See Newt. Princ. pag. 14. 


Let C be the Center of the Bal- 
lance Cp, CP the Arms, 
Tab XX. Ep, PA the Directions of 
Fig. 1. the Forces acting upon the 
Arms Cp, CP. Let CE 
be drawn perpendicular to pE, and 
CD to PA, meeting them in E and 
D. On the Center C, and wich the 
Radius CE, viz. the longeſt of the 
Perpendiculars, let a Circle be de- 
ſcribed which ſhall interſect the Di- 
rection of the Force P in A, and let 
the Line CA be drawn; to which 
let AG be drawn perpendicular, and 
GF parallel, meeting DPA in F. 

It is evident, that the Arms of the 
Ballance CP, Cp, may be looked up- 
on as Lines that Will not bend, ly- 
ing in the Plain moveable about the 
Center C; and the ſame may be 
underſtood of any other Lines drawn 


10. But 


through the Center C, and lying ia 
the ſame Plain. Now fince it is ma- 
nifeſt, that there is no difference in 
what Points of the Lines, in which 
the Forces P and p act, thoſe Forces 
are placed ; fince whereſoever they 
are in thoſe Lines, they will have 
exactly the ſame Power to turn the 
Pliin CDApE about its Center: the 
Forces P and Þ may be ſuppoſed to 
be in the Points Aand E Then the 
Force P, ſuppoſed to be in A, may 
be reſolved (as was before obſerved ) 
into two other Forces: One of which 
may act according to the Line CA 
produced, and the other, according 
to the Line AG; and which may be 
to each other as FGto GA ; buteach 
of chem ſingly to P, as FG and AG 
ſingly to AF; as will be evident, if 
the Triargle AGF be comp'eated in 
the Parallelogram AG Fg. It is alſo 
manifeſt, that the Force, which is as 
FG, and which acts according to the 
Line CA paſſing through the Center 
of the Plain, does nothing at all to- 
wards turning that Plane about the 
Center C ; but the Force which is as 
AG, and which draws the Line CA 
perpendicularly; fince, by the Hypo- 
theſis, it ballances the Force p, which 
draws the Line CE, equal to CA (4 
Conſt ruction) perpendicularly alſo it 
muſt necefſarily be equal to it. 
Wherefore p will be to Pas AG to 
AF; or as DC (by reaſon of the - 
milar Triangles FGA, ACD) to 
CA or CE: That is, the Forces ę 
and P are to one another reciprocally 
as Perpendiculars let fall from the 
Ceater tothe Lines in which they act · 


COROLL. 


If the Arms lie in a ſtreight Line 
and the Determinations of the For- 
ces be parallel, it is evident, that 
the Forces are reciprocally as the 
Length of the Arms- 

2. Hence alſo, in the Angular Bal- 
lance PCp, which turns 
about the immoveable Tab, XX. 
Center C; the Situation Fig» 2. 
which it will bein, when 
any (wo given Bodies are fixed tothe 
Ends P and p, may be determined, 
For if the Line Pp which joins the 
Ends of the Ballance, be divided in 
rec proca! Proportion tothe Weights, 


CG 3 and 


85 


E 
ee 


86 


10. Tbat it 


14 not nece(- 
ſary to conf 
der all the 
Determina- 
ron 
which One 
may be com 


Peſed ' 


ROHAULT's SYSTEM 


Part I, 


10. But it is not neceſſary to conſider all the ſimple 
Determinations, of which One may be compoſed : It is fut- 


and the Point of . Diviſion T be 
made in the Line CT drawn through 
the Center, parallel to the Direction 
of the Weights ; I fay it is done: 
Fur PD anc pE being drawn paral 
lel, and DCE perpendicular to CT; 
it is evident tha DCE is divided in 
C. in he ſame Proportion that 
PTp is in T, and thit the Weights 
may be ſuppo ed to be placed in the 
Pein D and E. Wherefore this 
wi] be the ituation of the Points P 
and p, that is, of the Ballance it ſelf 
when the Weights are in e@quilibrio. 
3. In the Bellance cr Leaver, it 
is evident, that two For- 
Tab. XX. ces, ſuch as P and p which 
Fig. 1 When the Ballance librates 
to and fro, are recipro- 
cally as he Velocities of the Points 
Dand E, reckoned according to the 
Directions of thoſe Forces, will bal- 
Jance each other. 


Of the Inclined Plain. Prop. II. 


If a Force, with a given Direc- 
tion, ſupports a Weight upon an in- 
clined Plain; that Force is to the 
Weight, as the Sine of the Inclina- 
tion of the Plain, to the Sine of the 
Angle which is made by the Line in 
which the Force acts, and the Line 
perpendicular to the Plain. 


D E M. 


Let AB be the inclined Plain, P 
the We'ght ſupported, 

Tab. XX. DPV the Direction of 
Fig. 3- the Force which ſupports 
the Weight. Let PC be 

drawn perpend cular to AB; and 
from 1he Point C. let CB ve drawn 
parajlel to the Hurizin, and per- 
pendicuhr tothe cen mon Secton of 
the Pl in and the Horizon, meeting 
the lain zn B; and CA perpendi · 
cular to the H rizon and allo to CB, 
meeting the Plain in A, and the 
Line in which tne F ce acts in V. 
Nw - may be conceived to be 
held un ved by three Forces acting 
toget t ne of which is the Force 
of 'h- Weight i: ſelf tending cown- 
waid. in a Line p allel to VC; the 
Second is the Force aCt ng in the 
Line DÞV ,znd the Third is the Re- 


facient 


ſiſtance of the Plain it ſelf, acting 
in the Line CP perpendicular to 
the Plain : But theſe thiee Forces 
are to each other (rom what waz 
ſaid before] as the Sides of the 
Triangle VPC; as will be evident, 
by drawing a Line through P pa- 
rallel to VC, and compleating the 
Parallelogram. The Force there. 
fore is to the Weight which it ſuſ- 
tains, as PV to VC; that is, as 
the Sine of the Angle VCP, or 
ABC, to the Sine of the Angle CPV 
or CPD. Q: E. D. 


C0. 

1 If the Points V and A coincide, 
that is, if the Force acts according 
to the Direction BA, the Angle CFD 
will be a right Angle ; andtherefore 
in that Caſe, the Force is to the 
Weight, as the Sine of the Inclina- 
tion of the Plain, to the Radius, or 


as the Height of the Plane AC, to 


its Length AB. And in this Caſe, the 
Force which is requir'd to ſupport a 
given Weight is leaſt of all; becauſe 
the Proportion of the Sine of the 
inclination of the Plain, to the 
Radius; is leſs than its Proportion 
to any other Sine whatſoever. 

2. If the Point V falls above A; 
the greater the Ang'e APV bs, fo 
much the more Force is neceſſary to 
ſupport the given Weight upon the 
Plain AB. Inſomuch, that by in- 
creaſing the Angle APY, the Pro- 
portion of the Sine of the Angle 
ABC, to the Sine of the Angle CPD, 
is alſo increaſed, *till PV, AV, 
becoming parallel, and the Angles 
Vp, CPD for that Reaſon equal, 
the Force and the Weight will alſo 
become equal. 

3. So likewiſe, if the Point V falls 
below A, as at v, the Force requi- 
ſite to ſupport the given Weight, is 
again increaſed ; the Angle AP being 
increaſed, till Fw, vC bec:me equal, 
and then the Force «nd the Weight 
will become equal again» Further, 
when the Lines Po, PC coincide,and 
the Angle v by that means vaniſh» 
es, the Sine of the Angle ABC will 
tear an infinite Proportion to the 
Sine of that; that is, no finite Force 
whatſoever, acting in a Line per- 
perdiculir to the Plain, will be able 

fo 


F 


— F 


2 


Ln AS JS «4 WW 


Chap. 14. of NaTuRAL PHILOSOPHY, 


ficient to conſider thoſe which we have occaſion for in 
the explaining any Difficulties ; herein imitating Geome- 


to ſupport the Weight upon the 
Plain, 
4+ If the Line in which the Force 
acts be parallel to the Baſe of the 
Plain, the Weight is to the Force 
which ſupports it, as BC to CA, or 
as the Baſe of the Plain to theHeight 
of its 
5+ If from the Point P, PF be 
let fall perpendicular to 
Tab. XX. BC, and from the Point 
Fig. 4+ C, CG perpendicular to 
VP; it will eaſiy ap- 
pear, that PV is to VC that is, the 
Force is to theWeight) as CF to CG, 
Wherefore the Force and the Weight 
will then ſupport one another upon 
an inclined Plaia, when they are to 
each other reciprocally as Perpendi- 
culars drawn from the Point C to the 
Lines in which they act; (or, if 
GCF be looked upon as an angular 
Ballance moveable about the Center 
C) reciprocally as the Velocities of 
the Points G and F reckoned upon 
the Lines in which the Forces act. 


Of the Wedge, Prop. 3+ 


If three Forces acting together up- 
on an Iſoſceles Wedge, in Lines per- 
pendicular to the three Plains of 
the Wedge; two of which Forces, 
viz. thoſe acting upon the Sides are 
equal to each other, and the Direction 
of the Third which acts upon the 
Baſe of the Wedge, paſſes through its 
Vertex; if, 1 fay, theſe three Forces 
ſupport each other, the Force acting 
upon the Baſe, will be to the other 
Two, as the Baſe of the Wedge, to 
the Sum of its Sides- 


D E M. 


Let ABC reprefent a Wedge; and 
let CG be perpendicular 

Tab. XX. to AB, and GD, Gd 
Fig. 5. perpendicular to AC, 
BC ; and theſe will be 

the Directions of the three Forces. 
In the Lines GD, Gd produced, let 
DE and de be taken equal to each 
other, which may therefore repre- 
ſent the two equal Forces, which act 
vpon the Sides, in the DireQtions 


ters, 


ED, ed. Let EF, ef be drawn 
parallel to AB, and DF, df, paral- 
lel to GC, ſo as to form the Trian- 
gles DEF, def. Now each of the 
Forces ED, ed, may be imagi- 
ned to be reſolved into two other 
Forces, which are to each other as 
EF to FD, and ef to f d. And 
to act in thoſe Lines: And thoſe 
two, which are as EF, e /, becauſe 
they are equal, and oppoſite, will 
deftroy ach other, But the Force 
which cts upon the Baſe AB, inthe 
Line CC; becauſe it ſupports the 
two other Forces FD, fd: both 
which are the ſame way, and act in 
a contrary Direction to that Force 
upon the Paſe z is therefore equal to 
the Sum of them. The Force there. 
tore acting upon the Baſe of the 
Wedge, is to the Sum of the Forces 


acting upon its Sides as DF + 4 f 


to DE-+d e or (by the fimilar Tri- 
angles) AG + GB that is AB to 
AC -+ CB. 


CORROL, 


The Velccities of the Wedge, and 
of the Body reſiſting it, reckoned in 
the perpendicular Direction before 
exp ine, are to each other recipro- 
cally as the Force acting upon the 
Baſe, to the Force acting upon the 
Sides of the Wedge, when theſe For- 
ces are in gui librio. 

For when the Wedge ABC is dri- 
ven up to the Top, or is 
in the Situation a 6c, it Tab. XX. 
is evident, that the Parts Fig. 6. 
of the Body that is clea- 
ved, have receded from each other, 
the Length gd or GD, in the Di. 
rection of the Line perpendicular to 
AC or ac; GC therefore is the Ve. 
lecity of the Wedge, and Gd the 
Velocity of the refiſting Body. But 
(by the fimilar Triangles) GC is to 
GD, as AC to AG, that is, as AC 
CB ro AB. And the Proportion 
will be evident'y the ſame, whatever 
Situation the Wedge be in, between 
the Parts of the Body to be cleaved 
by it. 
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ters, who did not draw from one Point all the Lines that 


Of the Screw. 
A Definition, 


If the Plain of the Triangle ABC 
(whoſe Hypothenuſe re- 

Tab. XX. preſents ſuch an inclined 
Fig. 7. Plain, as was explained 
above in the 2d Propoſi- 

tion) be conceived to be ſo fitted to 
the Concave Superficies of a hollow 
Cylinder (the Circumference of whoſe 
Baſe is equal to the Line BC) that, 
the Plain A BC coinciding with the 
Superficies of the Cylinder, the Line 
BC may be bent in'o the Periphery 
of a Circle equal and parallel to the 
C:ircumfterence cf the Baſe ; the Line 
BA will form a kind of Spiral, aſ- 
cending upon the Cylindrical Super- 
ncies, and ſurrounding it once: So 


likewiſe, it ſeveral Planes, ſuch as 


A ac, equal and ſimilar to the for- 
mer, and whoſe right Angles are 
ſubtended by the Line B A produced, 
be irnagined to be fitted in the ſame 
manner, to the ſame Superficies, di- 
ſtant from each other, by the Space 
AC or ac (their common Height) 
theie wil be many Spirals formed by 
the Lines A a. &c. all continued 
from one to another, and each of 
them onc- ſurrounding the Cylindri- 
cal Superficies. Further, if other 
P: ſimilar and equal to ABC be 
ecnceived in the ſame manner to be 
fitted to the gibbous Superficics of 
2 er Cylinder, whoſe Bale is e- 
qual to the Baſe of the Concave Su- 
perficies of the former Cylinder ; 
there wil! by this means be Spirals 
formed in this gibbous Superficies, 
exatt'y like thoſe in the Concave 
one before, Now if the latter Cy- 
linder, which may be turned about 
its Axis, by means of a L-aver paſ- 
fing throngh the Center of any of 
its Baſes, and lying in the Plain of 
that Baſe, be imagined to be fo pla- 
ced within the tormer Cylinder, 
Which is fixed and immoveable, that 
the Superficies agrecing, the Sp rals 
formed in each Supertie es, may a» 
gree with one another %; and if it 
be ſo contrived, that they ſhail al- 
ways thus agree, when be internal 
linder is turned about its Axis, and 
is Bale recedes from or approaches to 
che Bale of the external Cylinder; it 


Can 


is evident, that two Screws, the 
Male and the Female may be con- 
ceived to be thus generated. 


p R O P. IV. 


In the Screw, as the Altitude of 
one Spiral, is to the Circumſerence of 
the Circle, whoſe Radius is the Lea- 
ver by which the internal Cylinder is 
turned round; ſo is the Force per- 
pendicularly applied to the End of 
that Leaver, to the Weight lifted up 
by the Screw, when the Force and 
the Weight are in equilibrio, 


D E M. 


Let the Axis of the Screw be per- 
pendicular to the Hori- 
zon; and the Poſition of Tab. XX. 
the Leaver, by which Fig - 8. 
the interna] Cylinder is 
turned about its Axis, will be Hori- 
zontal. Let the Weight be placed 
any where in the Line of the Axis 
arid then that Weight, by means cf 
the internal Cylinder, will preſs with 
equil Force (in Duections perpen- 
d:cular to the Horizon) upon every 
individual Point of the Spirals of the 
external Cylinder; and the Sum of 
the Forces with which all thoſe 
Points are preſſed, will be the fame 
as the whole Weight to be lifted 
up. But let us firſt conſider the 
Force, or that part of the whole 
Weight, which preſſes upon any one 
particular Point, Now it is eaſy to 
ſee, that the ſame Force, in a hori- 
zontal Direct on, which is able to 
ſupport the Weight, which preſſes 
upon any one Point of the Spiral, 
upon the inclined Plain of which 
that Spiral is formed; that ſame 
Force with the ſame D re&ton, is 
alſo ſufficient, to ſupport that ſame 
Weight upon the Spiral; and that 
there is plainly no difterence, whe. 
ther this Force be immediately ap- 
pied to the Point which is prefled ; 
or be in any other Line touching the 
Baſe of the internal Cylinder, Let 
E C therefore be the Circumference 
of that Baſe; AC the Radius; AG 
the Leaver by which the interne! Cy- 
lender is turned about its Axis; FG H 
theCircle deſcribed by the Radius AG. 
Theſe Things being ſuppoſed 3 from 
wh t has been ſaid, together with 
th o 
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can be drawn from it, but ſuch only as they think may 
be of uſe in their Demonſtrations. 


the D-finition of a Screw, and the 
4th Coroll. of the 2d Prop» it fol- 
lows ; that, as the Height of one 
Spiral, to the Periphery BC; fo ts 
the Force applied to the Point C, 
in a Direction perpendicular to AC, 
to that part of the whole Weight, 
which that Force ſupports upon 
any one point of the Spiral, And 
(y the Property of the Leawer ) 
as the Circumference BC, is to 
the Circumference FH; (that is, 
as AC to AG;) ſo is the Force 
exerciſed in Gto the Force exerciſed 
ia C; becauſe the Directions of 
th:ſe Forces being parallel , they 
have equal Power on the Leaver 
ACG, whoſe Center is A. There- 
fore ( equally by Perturbation ) as 
the Height of one Spiral, to the 
Periphery FH; fo is the Force 
which exerciſed in G, ſupports that 
part of the whole Weight, by which 
any one Point of the Spiral is preſ- 
ſed ; to that part of the Weight it 
ſelf : And as the Force which ſup- 
ports that one particular Part of the 
whole Weight, is to that one parti- 
cular part of the Weight ; ſo is the 
Force which, acting in the ſame 
Dire tion, ſupports all the Parts of 
the Weight, that is, the whole 
Weight; to all thoſe parts together; 
that is, to ſupport the whole Weight. 
Therefore, Ve. Q E. D. 


C ORO LI. 


The Circular Velocity of that 
Force by which the Screw is turned 
round, and the Velocity of the 
We ght, which is lifted up by means 
of the Screw, are to each other re- 
ciprocally as thoſe Forces when they 
are in gu rie. For it is evi- 
dent, that in a whole Revolution 
of the Leaver, the Weight is raiſed 
Juſt the Height of one Spiral, and 
that in every Part of the Revo- 
lution, the Weight is raiſed pro- 
portionably. 


Of the Pulley or Windleſs. Prop. 5. 
It is evident, that the Pulley may 


be accounted for, in the fame man- 
ner as the Ballance or Leaver, in 
which the Forces are imployed ei- 
ther on the ſame Side of the Cen- 
ter, or on both Sides: Which, 
when they are in æguilibrio, are to 
each other reciprocally as Perpendi- 
culars let fall from the Point which 
repreſents the Center of the Leaver, 
to their Directions. And hence 
the Forces of Engines, which con- 
fiſt of many Pulleys, according as 
they are differently framed, may 
eaſily be explained. If the Com- 
poſition of the Pulleys, or the man- 
ner of framing the Windleſs be ſuch, 
that the Ropes which are fitted to 
the Pulleys, are parallel to one a- 
nocher; and the Weight be fo ſuſ- 


pended in the midſt of the Ropes, 


as to draw every one of them with 
equal Force; it is ſelf evident, that 
the Force, is to the Weight which 
it ſupports; as One, to the Number 
of Ropes. For when that Force is 
applied to one of the Ropes only, it 
is directly oppoſed to that part on- 
ly of the whole Weight, which 
draws that Rope; the Pin to which 
the Windlefſs is fixed, ſupporting 
the other Parts of the whole 
Weight. 

It is alſo evident, that in this 
Engine, the Force and the Weight, 
when they are in æguilibrio, are to 
each other reciprocally, as their Ve- 
locities, when the Force raiſes the 
Weight. For it is manifeſt, that 
theſe Velocities are to each other, 
as the Decreaſe of the Length of all 
the Ropes which ſupport the Weight 
taken together, to the Increaſe of 
the Length of the Rope to which 
the Force is applied, in the ſime 
time; and that juſt ſo much as is 
loſt in a given time in all the 
Length's of the Ropes which ſup- 
pert the Weight; the very ſame is 
gained, in the ſame time, in the 
one Length of that Rope to which 
the Force is applied. 
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CHEAT. XY. 
Of Reflexion and Refraftion. 


.- har 3 2 þ HAT we may apply what has been ſaid to ſome 
meant by Advantage, we ſhall, by the help of it, explain the 
2 Manner of Reflexion and Refraction. But to avoid the 
1 Error of the Antients, who confounded theſe two Things 
together, we may obſerve; that by Reflexion is meant no- 
thing elſe but the Bending, or Alteration of the Deter- 
mination, when a Body 1 in Motion, ſtrikes againſt ano- 
ther Body which it cannot penetrate ; and by Ræfraction 
is meant the Bending or Alteration of the Determination, 
when a Body in Motion, paſtes out of one Medium into 
another, which receives it with more or leſs Difficulty. 
2. An h- 2. Suppoſe, for Example, that the Body A, which 
france of Re- js perfectly hard, moves with a ſimple Motion, in the 


_— Line AB, and that it meets with the Body CDEF, 


Fig. 66 Which I ſuppoſe to be perfectly hard likewiſe, nd not to 
be ſhaken : Then, from what has been ſaid, it follows, 
that the Body A (1) ought to continue in Motion, be- 
cauſe it does not communicate any part of its Motion; 
and it ought to be ſtruck back, becauſe it cannot go on 
in a ſtreight Line: But let us ſee how, and which way: 
And that we may not multiply Difficulties, we do not 
now conſider, what will ariſe from its Bigneſs, Figure or 
Gravity : Let us ſuppoſe likewiſe, that the Air makes no 
Reſiſtance to it, and that it moves with equal Velocity. 

;. Thatthe 3. I his being ſuppoſed, let a Circle be deſcribed on the 

Angle ef Re- Center B, and with the Diſtance BA; and for the ſame 

Hes ten i Reaſon that the Body A comes from the Circumference 

oual tothe . : . . 

Angle of to the Center in a given Time, it ought to go from the 

Incidence. ſame Center to ſome Point of the Circumference of this 
Circle in the ſame Time: Now to determine that particu- 
lar Point ; from the Points A and B, let the Lines AG, 
BH be drawn perpendicular to the Superficies CF; and 
the Line AHI, parallel to that Superficies: Now we may 
obſerve, that though the Body A is carried with a {imple 
Motion, it is however true, that with reſpect to the Bo- 
dy CDEF, its Determination in the Line AB, is com- 
pounded of two others, the one of which makes it go 


towards the right Hand, by the Length of the Line AH, 


(1) Oug bt to continue in Motion) See above, Chap. x. Art. 13, 
or 
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or which is equal to it, GB; and the other makes it come 

downwards towards GB, by the Length of the Line AG. 

Now we may further obſerve, (1) that the Body CDEF Tab. Il. 

reſiſts the Determination downwards, but that it does not Fig." 

at all reſiſt the Determination towards the right Hand, 

that is, that part of the Motion which is determined to- 

wards the right Hand, which conſequently (2) ought to 

continue as it began. So that the Body A having in a gi- 

ven Time with this Determination, paſſed through the 

Space contained between the Lines AG, HB, that is, mo- 

ved the Length of the Line AH or GB, it ought in the 

a ſame time to paſs through an equal Quantity again, or 
which amounts to the ſame Thing, it ought at the End 


% * LS 4 


of this Time, to be found in the Line IL, which I ſup- 
pole to be perpendicular to the Superficies CF, and the 
) ſame Diſtance from HB, as HB is from AG. So that, 
| to ſatisfy that part of the Motion which 1s towards the 
Right, which does not alter at all, we find that the Body 
; A in the given Time, ought to be ſomewhere in the 
| Line IL. But to ſatisfy the whole Motion, we have 
) before ſhown, that it ought in the ſame Moment to be 


| ſomewhere in the Circumference of the Circle: T here- 

fore, that theſe two may be both ſatisfied together, we 
ought to conclude, that it will at the ſame Time, be in 
| the Circumference of the Circle, and in the Line IL to- 
| zether, which can be no where elſe but in the Point I 

which is common to them both. Thus we ſee the Body A 
| which began to move in the Line AB, is reflected in the 
Line BI, which makes with the Superficies CF the Angle 


5 (1) That the Body C DE F reſiſt's the 


Determination) If the incident Body 
A, and the Body CDEF upon which 
it ſtrikes, are void of all Elaſticity; 
the Body CDEF not only reſiſts this 
perpendicular Determination, but en- 
tirely deſtroys all the Motion that 
ariies from that Determination (See 
the Notes on Chap. x. Art. 13.) ſo 
that the Body A, is afterwards mo- 
ved, with the other part of its Mo- 
tion only, along the Superficies BLF. 
But it either, or both theſe Bodies 
be perfectly elaſtick, then a new 
Motion will be impreſſed upon the 
Body A, equal to the Motion which 
Was loſt, and with a contrary De- 
termination ; ſo that, when it comes 
to the Superficies GL, with the De- 
termination AG, it will then recede 
from it with the Determination Ll, 


This is carefully to be obſerved, be- 
cauſe it is neceſſary to the com- 
pleating this Demonſtration, by 
which it appears, that the Angles of 
Incidence and Reflexion are equal. 
For the Nature of this Elaſtict Force 
being rightly underſtood, the De- 
monſtration concerning the reflect 
ing of Elaftick bodies, will hold in 
the ſame manner as in perfealy 
hard Bodies, according to the Au- 
thor's Principles. See further, the 
Notes on Chap. xi. Art. 6. Tab. II. 
Fig. 6 

(2) Ought to continue as it began) 
Hence it follows, that the Lines of 
Incidence and Repercuſſion are in a 
Plane perpendicular to the Superfi- 
cies of the reflecting Body. See the 
Notes on Chap. xxxiv. Art. 2. 
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IBL, which is called the Angle of Reflection, (1) which 
may eaſily be demonſtrated to be equal to the Angle ABG, 
which is called the Angle of Incidence. 

4. Let us now come to Refraction; and that we ma 
explain the Nature of it fully, I ſhall here make uſe of 
the Example of a Ball, as was before done in Reflexion, 
Suppoſe then the Ball A to be moved along the Line AB 
in the Air, but ſtriking obliquely upon the Water below 
CD, inſtead of going on directly towards E, it tends to- 
wards F; this ſort of bending, (2) meaſured by the An- 
gle EBF is what we call Refraction. 

5. If the Body A, after it is arrived at B in the Line 
AB, inſtead of being turned towards F, is turned to- 
wards G; this is Refraction alſo, but of a different Sort 
from the other: Now in order to diſtinguiſh theſe two 
Sorts of Refraction, let the Line HB, be drawn. through 
the Point B, where the Body A paſſes out of one Me- 
dium into the other, perpendicular to the Superficies CD, 


- which divides the two Mediums, and the Kind of Refra- 


6. When a 
Body 1s 


ction is determined, by the Approach to, or Receſs from 
this Perpendicular. For Example, if the Body which 
moves along the Line AB, when it is turned out of the 
way, afterwards moves along the Line BF, this is called 
Refrattion from the Perpendicular ; but if it afterwards 
moves along the Line BG, then it is called Refraction to 
the P erpendicular. 

6. Theſe two Sorts of Refraction; have been obſerved a 
long time, but the Cauſe of them was not at all known. 


rurred out sf And we may venture to ſay, that this is one of thoſe 


its Courſe, 
ave muſe 
think, that 
zt meets 
euith ſome 
Objtacle on 
that part 


from which 


jt urns, 


Tab. II. 
Fig. 1. 


Things which the Antients were ignorant of, and the 
Diſcovery of which is owing to one of the principal Men 
of this Age; and agreeable to his Opinion, I thus explain 
this Matter : Since we are ſure, that every Thing, as 
much as it can, perſiſts in that State in which it is; after 
we find by Experience, that a Body quits the ſtreight 
Line in which it began to move, we muſt neceſſarily 
think, that it has met with ſome Obſtacle on that part 
from which it removes: Thus, if, when the Body A is 
come to the Point B, it is turned out of its Courſe to- 
wards the Point F, we ought to conclude, that it meets 


(1) Weich may eafily be demon- gles, by the Hyp Therefore the 
ſtrated) For BL == GB Triangles ILB, AGB are equal 
Tab. II. by the Hypotheſis; and and ſimilar. 
Fiz. 6, LI== GA, becauſe GL 2) Meaſured by the Angle EBF) 
and A] are parallel, and See the Notes wpon Art, 11. of this 
the Angles L and Gate right An- Chap, 


with 
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with more Reſiſtance on the Side M, than on the Side 
N; and if it is turned toward G, we have Reaſon to 
think, on the contrary, that it has met with more Re- 
ſiſtance on the Side N, than on the Side M. 

7. We may reaſon in the ſame manner, in order to 7: That the 
determine on which Side, a Body moving out of one 2 = 
Medium into another, will be turned. For ſince we be- from ibe 
fore knew, that the unequal Reſiſtance, which a Body Medi«n 
in Motion meets with on different Sides, ( according to * 
the different Mediums through which it paſles ) would Reſiſtance ta 
force the Body to turn out of its Courſe, and to remove“ 
from that Side where it finds the moſt Reſiſtance; when 
once we come to know, that there is more Reſiſtance on 
the one ſide than the other; we conclude, that it will 
turn out of the way, by removing from the Medium 
where the Reſiſtance is greateſt, And thus when we once 
come to know that Water reſiſts the Motion of a Ball 
more than Air, we ought to think, that the Ball which 
moves in the Air from A to B, in paſſing into the Wa- 
ter which is below B, will turn towards F, and ſo will 
recede from the Perpendicular. 

8. This may be applied (1) to all ſorts of Bodies, and to 8. The Way 
all ſorts of Mediums, and therefore we may lay it down #2 t2 deter- 
for a general Maxim, that when a Body paſles obliquely — 
out of one Medium into another, which makes a greater ſort of Ke- 
Reſiſtance to it; it ought ſo to turn as to remove from 7%: 
the Perpendicular ; and, on the contrary, when it paſſes 
out of one Medium into another, where it finds 4% Re- 
ſiſtance; it ought to be ſo turned, as to approach towards 
the Perpendicular, 

9. I expreſsly added, that the Body which paſſes out 9. That 4 
of one Medium into another, muſt fall obliquely upon the 29% which 

. f falls perpen. 
Superficies which ſeparates the two Mediums, in order to dicularly up 
be refracted; for if it falls perpendicularly upon this Su- on anzther, 
perficies; as there is nothing to reſiſt its Motion more on Fay gee 
the one ſide than on the other, fo it ought not to be turn- 47 400 in en- 
ed out of its courſe at all, (2) but to continue to move in g into ir. 
the ſame Line. 


10. The 


(1) To all Sorts of Bodies) For this 
Reaſon the Rays of Light which pa's 
out of Air into Water, are reflected 
towards the perpendicular, contrary 
to what we fee in a Ball thrown out 
of our Hand ; becauſe Waiter which 
reſiſts the Motion of the Ball more 
than Air, on the contrary, reſiſts 
Light leſs (See Chap, 27. Art, 38.) 


or to ſpeak more truly, it accele- 
rates the Motion of Light more by 
attracting it; as will be ſhown after 
wards. 

(2) But to continue to move in the 
ſame Line) Vet ſome have thought, 
as J. Voffius, Willebrord Snell, that 
they have ſeen a perpendicular Ray of 
Light, ſome way refraQting and con- 

| tracts 
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70. An Ex- To, The Exact Quantity of the Refraction of a Body 
_— = paſſing obliguely out of one Medium into another, may 
reſracted be determined, provided we know how much the one Me- 
Body. dium reſiſts its paſſing more than the other. Suppoſe, for 
— * Inſtance, the Line CD ſeparates the two Mediums, the 
upper one of which is Air, and the under one Water, and 
that the Water reſiſts the Motion of the Ball A twice as 
much as the Air; then let us imagine, that this Ball has 
run the Length of the Line AB with fuch a Velocity, as 
takes up a Minute, and is then ready to enter the Water 
obliquely : and that the Thing may be the eaſier apprehend- 
ed, we meddle not with what might happen on the ac- 
count of the Bigneſs or Weight of the Ball. Let us ima- 
gine further, that its Motion in the Air has been all along 
uniform, and that after having loſt half its Velocity by 
meeting with the Superficies of the Water, it loſes no more, 
though it ſinks never ſo deep ; for the Deviation (1) is 
made only in the Superficies, and the Water which refiſts 
all its Parts equally, can only make the Ball take up more 
or leſs Time in moving through a given Line, and not 
cauſe it to move out of it. 
11. Hou Re- II. This being ſuppoſed ; having deſcribed a Circle on 
3 the Center B, and the Diſtance AB, let us conſider, that 
Tab. III. the Ball having taken up a Minute of Time in moving 
Fig. 22 from the Circumference of the Circle to the Center, 
where it loſes half its Velocity, ought afterwards to take 
up two Minutes in moving from the Center to any Point 
in the Circumference: Now in order to determine where 
this Point ought to be, we obſerve ; that though the Mo- 
tion of this Ball was ſuppoſed to be a ſimple Motion, yet 
its Determination in the Line AB, with reſpect to the Su- 
perficies of the Water, is really compoſed of two Deter- 
minations, one of which cauſes it to move from the Left 
to the Right, the Length contained between the Lines 
AF and BG, which are perpendicular to the Superficies 
of the Water, that is, the Length of the Line AG or FB; 
the other Determination makes it deſcend downwards the 
Length contained between the two Parallels AG, CD, 
that is, the Length of the Line AF, We muſt further 


tracted into it ſelf; which is, becauſe neareſt to us, But for the real and 
when we look upon any Thing in manifeſt Refraction of perpendicular 
the Water, it ſeems to be nearer us Rays, which is made in land Chry/ſ- 
than it really is; ſo that herein they ral. See Newt, Opt pag. 229. 
falſely aſcribed that to RefraQion (1) IL made only in the Superficies) 
(of which there is none in the per- It is otherwiſe in the Reflection and 
pendicular) which was to be aſcri- Refraction of Lipghr, See belew , 
bed to the diverging of oblique Rays Chap. xxvii, Arts 35, 37* 

after Refraction, from the Point 


obſerve, 
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obſerve, that the Superficies of the Water reſiſts the De- 
termination downwards, which conſequently muſt be al- 
tered ; (1) but it makes no Reſiſtance at all to the Deter- 
mination from Left to Right, wherefore this will not be 
at all altered, but the Ball which moved in this manner 
the Length FB during the Minute which it took up in 
coing from the Circumference of the Circle to the Cen- 
ter, ought to move twice this Length in two Minutes, 
in going from the Center to the Circumference : Let 
BL therefore be taken equal to twice BF, and the Line 
ELM drawn perpendicular to CD, and the Ball ought 
to be found ſomewhere in this Line, two Minutes after 
it has parted from B; but it was before ſaid, that it ought 
. at the ſame time to be in the Circumference of the Cir- 
cle alfo ; whence we conclude, that the Ball will be at the 
| ſame time in this Line, and alſo in the Circumference of 
; the Circle ; that is, in the Point M, where they interſect 
| each other. So that inſtead of continuing its Courſe in | 
| the Line AB produced to N, it will be carried along the 
| Line BM, which is from the Perpendicular (2) and the : 
Refraction will be meaſured by the Angle MBN. From 
| what has been faid, it is plain, that if the lower Medium 
| had refiſted the Ball /z/s than the upper one, the Refraction 
| ought to have been contrary, that is, to the Perpendi- 
| cular, 

12. Without altering. any Thing, before ſuppoſed as to 12. The dif- 
the Difference of the Reſiſtance of the two Mediums, ay there 
and the Velocity of the Ball, let us now ſuppoſe, that 5% pu 
the Ball, in order to go to the Point B, comes from ano- wery oblique, 
ther Point more diſtant from the Point P than was ſup- a, III. : 
poſed in the former Example, ſo that the Line FB which s * f 
is the Meaſure of the Determination towards the right 
Hand be longer than half the Radius of the Circle, and con- 
fequently the Line BL, which is twice as long, be longer 
than the whole Radius; it ought to follow, according to 
the foregoing Reaſoning, that the Line ELM will fall with- 
out the Circle, and not interſect it at all; And fo our 
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(1) But it makes no Refiſtance) math-matically the Nature of Re- 
But it does reſiſt that Determination fraction : 
alſo, as it enters; for the Ball in en- 2 And the Refraction will be mea · 
tring, ſtrikes or rubs againſt the far- ſured} it is a right Obſer- 
ther part of the Hole which it enters vation of Cartes here, that Tab. III. 
into: for which res ion, and becauſe Refraction univerſally and Fig 2+ 
the Motion of the Ball is afterwards #2: al! Incidencies is to be 
perpetually retarded as it paſſes meaſured by the Proportion of the 
through the Water which reſiſts it, Lines AG-and OM, ard not by the 
this Inſtance is not ſufficiently accom. Angles ABG, nd HBM, or NBM. 
modated to explain accurately and See Cartes Dioptr, Chap. 2. Art. 7. 


Argument 


13. That a 
Body which 
Falls too 0b. 
ligue upon 
another, 
ought not to 
penetrate it 
at all. 


1. That the 
Poſition of 
hard Bodies 
put into Li- 
quors an 
4574 of 


Motion. 


2 That the 
Superficies 
of a heavy 
Liquor con- 
tained in 4 
Veſſel, ought 
to be lev: + 
Tab. III. 
Fig. 4+ 
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Argument ſeems to conclude, that the Ball ought to be 
in two different Places at the ſame time, viz. in this Line, 
and in the Circumference of the Circle ; which is im- 
poſſible, 


13. It muſt be confeſſed, that here is ſome Miſtake, 


whenceſoever it ariſes ; for every Argument that leads to 
an Impoſſibility, is defective either as to the Form or as 
to the Matter of it. But let us not imagine that there is 
any Fault in the Form of this Argument which ſeems to 
conclude in an Impoſlibility ; let us rather ſay, that it be- 
ing concluſive, it is a certain Sign, that the Fault was in 
ſome of the Suppoſitions that were made. And ſo indeed 
it was, for we ſuppoſed that the Ball, when it had loſt 
half of its Motion by meeting the Superficies of the Wa- 
ter, would enter into it, though it fell never ſo oblique, 
which is not ſo, For we ſee by Experience in a Sea- 
Fight, that Cannon-Balls which are ſhot too oblique upon 
the Water, are reflected by the Superficies of the Sea, and 
kill the Soldiers upon the Decks of the oppoſite Ships. 
And we obſerve the fame Thing in Stones which Chil- 
dren make Ducks and Drakes with in the Water. 


podotototoJote3otototootoaot -Jorotozo3otodotoJ0; 
CH AP; VL 
Of hard Bodies put into Liquors. 


LL that can be ſaid of the Place which a Body ought 

to poſſeſs in any Liquor according as it is more or 

leſs hey, does properly belong to the Doctrine of Mo- 

tion. For theſe Bodies are in Motion when they ſink in 

the Liquor, and they are in Motion alſo when they riſe 
from the Bottom, to the Superficies. 

2. That we may not paſs by any Thing therefore which 
may be of uſe afterwards, let ABCD be a Tub filled with 
Water, and ſuppoſe firſt, that this Water is upon the Le- 
vel, that is, no one Part of the Surface AD higher than 
another; then imagining it to be divided into a great ma- 
ny Columns, perpendicular to the Bottom of the Tub, 
let us examine one of theſe Columns, as EFGH. And 
firſt it is obſervable, that though this whole Column en- 
deavours to ſink down, yet it cannot, becauſe the ſmal- 
ler Columns, into which this may be ſubdivided, mult 
bend at the Bottom of the Veſſel before they can return 
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upwards ; but that they cannot do, becauſe they meet and 
ſupport each other, and are alſo ſupported by the little 
Columns on all Sides of them, which tend downwards 
likewiſe, and with equal Force. So that the Water in 
the Tub ought to continue (1) upon the Level, and to 
remain in perfect Reſt and A#quilibrio, if there be no- 
thing elſe . but its own Weight to move or ſhake it. 
Whence it is manifeſt, that if we ſuppoſe the Water in 
the Tub to be higher in one Place than in another, that 
it cannot continue ſo, becauſe thoſe little Columns of 
Water which are longer than the other, will have more 
Power to deſcend than they, and will never leave croud- 
ing them up, till the Surface of the Liquor is come to 
a Level, when they will all be in equr{brio with each 
other. Therefore when a heavy Liquor is contained in 
any Veſſel, we are to think that its Weight diſpoſes the 
Surface of it to be upon the Level, and that it will con- 
tinue ſo, unleſs altered by ſome foreign Cauſe. 

3. Let us conſider further, that if there be put into the 3. That 4 
Water in this Tub any hard Body, ſuch as I, of equal 2 
Gravity with the Water; as its Weight would have nei- Tiger ef «- 
ther more nor leſs Effect than the Water whoſe Place it 2 Gra- 
poſſeſſes ; there is no Reaſon why any Alteration ſhould 7", *#* 
be made in the Column EFGH, ſo that the Body I Aunt aft 
muſt continue where it was placed. | 

4. But if we imagine this Body to be heavier, by an 6 
Ounce, ſuppoſe, than a Quantity of Water of equal Bulk ; ,* 3 
it is maniteſt then, that all the Columns of Water will , is 
not be in æguilibrio, but the Body will go to the Bottom, _ # 
not with its ordinary Weight, but only with the Diffe- — * 
rence betwixt that and the Weight of a Quantity of #» tbe Ber- 
Water of equal Bulk, that is, with the Force of an %. 
Ounce Weight. 

5. But ſince Water was here taken only for an Exam- S, Tha: oY 
ple, and the Reaſoning holds the ſame, when applied to ,,, fe x 
any other heavy Liquor ; we may affirm in general, that Weigbe of 
in ſupporting a heavy Body, we ought only to feel the 22 CES 
Exceſs of its Weight above that of an equal Bulk of the 85 
Liquor in which it is. Hence it is, that we are not ſur- 
priſed to find by Experience, that a pretty luſty young 
Man, who weighs a Hundred and thirty eight Pound in 
the Air, does not weigh above eight Ounces in the Wa- 


ter. But we have before ſhown, by many Experiments, 


(1) Upon the Level) That is, as of the Spherical Superficies of the 
to Senſe. But in reality it is part Earth, | 
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that the Air it ſelf is heavy, wherefore we do not by our 
Senſes feel the true Weight of a Body in the Air, but 
only the Difference of the Weight of the Body and of 
the Air; and conſequently, unleſs we are under any par- 
ticular Indiſpoſition, we ought never to feel our ſelves 
lighter, but only when the Air is heavier. 

6. It is evident, that if the Body I, juſt now men- 
tioned, had been ſuppoſed lighter than the Bulk of Wa- 
ter, whoſe Place it poſſeſſes ; the Column EFGH would 
not be heavy enough to be in equilibrio with the reſt of 
the Water in the Tub ; wherefore this Column will be 
forced to give way, till the Body I be got up to the Sur- 
face AD, beneath which, ſo much of it will remain, 
as poſſeſſes the Place of a Quantity of Water equal in 
Weight to the Body. 

7. From what has been ſaid, we draw two very im- 
portant and uſeful Inferences. Firſt, That if a Body 
put into any Liquor, ſinks to the Bottom, it is certain that 
Body is heavier, than an equal Bulk of the Liquor, but if 
it ſtuims on the Top, it is an infallible Sign, that it is 


- ought ty be plain and level. 


lighter, 


8. Secondly, Fa hard Body be put into tus Liquors, 
and riſes in the one, but ſinks in the other, the former muſt 
neceſſarily be heavier than the latter (1). | 


(7) It is worth while to explain a 
little more fully, and in better Or- 
der, the Hydroſtatick Propoſitions, 
which ate urged too briefly and con- 
fuſed y in th's Chapter. 

I. Therefore A Water gravi- 
tates in every Place, even in Water 
it ſelf (aud the ſame is to be under- 
ſtocd of any other Liquor) and by 
reaſon of the equal Preſſure of its 
Parts on all Sides, its Superfictes 
This is 
demonſtrated in the ſecond Article of 
tbis Chafter, and by the famous 
Mr. Boyle in bis Hydroftaticki, Pa- 
radox 1. 

2. A bord Bedy, ſuch as 1, equal 
in Weight to a Quantity 
of Water of the ſame 
Bulk, put into Water, 
oug bt neither to fink nor 
riſe, but to reſt in any Place, For 
the Column EFGH gravitat-s nei-- 
ther more nor leſs than the Columns 
which ſurrou:d it, and therefore it 
ought to keep in @gquilibrie, Sce 
Art. 3 of this Chapter, 

3+ A Body, ſuch as I, beavier than 
Water, caught to fink in the Water, 


f 


Tab. III. 
Fig 4. 


9. This 


Becauſe then the Colums EFG H is 
heavier than the Columns which 
ſurround it. See Art. 4. of this 
Chapter , 

4. 4 Body, ſuch as I, beawier 
than Water, ought to bave juſt fo 
much Weight in Water, as it exceeds 
in Weight an equal Bulk of Vater. 
For ſince the Body I poſſeſſes the 
Place of an equal Bulk of Water in 
the Column EFGH ; it is manifeſt, 
that by how much that Body exceeds 
that equal Bulk of Water in Weight, 
by juſt ſo much is that Columm hea« 
vier than it was before. See Art. 4. 


of this Chapter, and Archimedes of 


Bodies put into Fluids. Prep. 7. 
Hence, fince the Proportion of 
Weight betwixt Go'd and Water is 
known, Gold may be proved and 
valued, by weighing it in Water. See 
Boyle's Hydroſtatick Medicine. 
5. Any Body ſuch as 1, put into 
Water, ii not only preſſed drwnwards 
by the incumbent Water, but is alfo 
preſſed upwards by the Water that is 
under it. This is evident from the 
Fit Propoſition, See alſo Boyle s Hy- 
drieatickt, Paradox 3. 6, 498 
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Dur 9. This being ſo, if we examine the Opinion of ſome 9:4 * 
dut Philoſophers, viz. that there are certain Places natural to ben. | 
of all Bodies where they of themſelves continue at reſt, and 
mak have no Tendency to go out of them, and that this is the 
ves Rea- 
en- 6+ The beavieft Body of all, ſuch to. All Water preſſes upon the No- 
7 as I, a Cube of Gold, if it be put dies under it, in proportion to its per- 
a- ſo deep into the Water, that the pendicular Height, and not in pro- 
uld Depth of the Water from EH to the portion to its Breadth. This noble 
of lower part of that Cube be twenty Propoſition is at large demonſtrated 
times as much as the Thickneſs of I in my Notes upon Chap. 10. Art. 1 1. 
be is, that Cube wil! be ſo preſſed up- II. This Preſſure a#s upon Bodies 
1r- wards by the Water that is under immerſed in the Water, not only on 
n it, that, if the incumbent Water the Top, but on the Bottom and the 
0 EIH were removed, it would not ſink. Sides, every way equally, This Pro- 
in For ſince the Cube Lis juſt of the ſame pofition follows from the foregoing 
Weight as the Water which reaches one, and is demonſtrated from the 
1 from EH to the Bottom of the Cube; Nature of Water, whereby every 
N all which Water we now ſuppoſe Preſſure is propagated equally and 
dy to be removed ; it is evident, that entire every way. See alſo Boyle's 
at the Column FIG in this Caſe, is Hydro. Paradox 7. 
in &quilibrio with the Columns which 12. Hence, a wee Trencher put 
if ſurround it, and therefore the Cube under Water, immediately riſes up; 
ls I cannot fink, See Hydroftatick Pa- though there be a much greater Quan- 
rad. 11. tity of Water lying above it, than 
. 7. A Body, ſuch as I, lighter than ii under it; neither is there any ſuch 
, 


ww © 


Water, let it be preſſed never ſo 
much by the incumbent Water, ought 
to riſe notwithſtanding. For in this 
Caſe, the Column EFGH is lighter 
than the Columns of Water which 
ſurround it. See Art. 6. of this 
Chap. 

8. When a light Body is riſen to the 
Top of the Water, ſo nuch of it ougbt 
to remain under the Water, as 1s 
equal to a Bulk of Water weighing 
as much as the whole Body, This 18 
the Fifth Propoſition of Archimedes 

concerning Bodies put into 
Tab. III. Fluids, and is eafily de- 
Fig. 4. monſtrated from what has 

been already faid- For it 
is manifeſt, that when the lower 
Part of the Booy ſwimming in the 
Water, is ſunk in this Proportion, 
the whole Column EFGH is in æ- 
gulibrio with the Columns that ſur- 
round it ; and if the ſame Body be 
ſunk deeper, this Column will be 
lighter than the reſt of the Columns; 
if not ſo deep, it will be heavier. 

9. In every Body that is lighter 
than Water, the Proportion of its 
Weight to the Weight of Water, 
18 as that part of it under the Wa- 
ter to the whole Body. This Propofi- 
tion follows from the preceeding one, 
and is more at large demonſtrated by 
Archimedes, Back II. Prop. of Bodies 
put into Fluids, : 


Thinz in Nature as Levity, to lift 
it up. This Propoſition you have 
demonſtrated in my Notes on Chap. x. 
Art. 11. Coroll. 3. 

13. However, If the wooden 
Trencher be exactiy fitted to the Width 
of the Veſſel, ſo that no Water can 
get in between it and the Sides of the 
Veſſel, which by communicating its 
Weight to the Water beneath, mig be 


force the Trencher up ; or if the 


Trencher goes ſo cloſe to the Buttom of 
ebe Veſſel, that nn Water can get 11 
betwixt it and the Bottom, then tbe 
Trencher will not riſe at all. Which 
is a manifeſt Proof, that there is no 
ſach Thing as Levity in Nature. Ses 
the ſame Place. 

Ic is very hard to prove this Pro- 
poſition by Experiments, becauſe 
Water is ſo apt to wet and run all 
about. But I have tried it with 
Quickſilver, which will not wet moſt 
Bodies; for after I had gently put 
a Piece of Money on the Bottom of 
a Veſſel full of Quick ſilver, the Mo- 
ney did nat riſe up; but if 1 ſhaked 
the Veſſel, or lifted up the Money 
ever fo little with a Needle, that ſome 
of the Quickſilver might get be - 
twixt the Money and the Bottom 
of the Veſſel, the Money was im- 
mediately raiſed up 

H 2 14. 1 
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Reaſon why Water has noWeight in Water; we ſhall not 
ſcruple to affirm, that this is as groſs an Error, as it 
would be in a Man, who, ſeeing a large Cannon in one 
Scale, and ſeven or eight thouſand Pound Weight in the 
other, ſhould affirm, that the Cannon did not weigh any 
Thing in this Place, becauſe he can eaſily lift it up or 
down : For this Opinion of theſe Philoſophers is founded 
upon this Experiment, that in drawing Water out of a 
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28 Well, we do not begin to feel the Weight of that with 
- which the Bucket is filled, till it comes into the Air; 
= whereas they ought to think, that as the Cannon is always 
= heavy, and we could not eaſily lift it, but for the Weight 
1 which keeps it in æguilibrio; fo alſo the Water weighs 
=_ always the ſame; and the Reaſon why we don't perceive 
= its Weight when the Bucket is under Water in the 
= Well, is, becauſe we are afliſted by the reſt of the Wa- 
= ter in the Well, which is in æquilibrio with that in the 
= Bucket. ® | | 
1 
| 4 14. It is impoſſible for Water to de- ſhould fail by the Oyl's mixing with 
\ 1 preſs and fink a Body lighter the Water, it is more proper to ule a 
—_ Tab. I. than it ſelf. This may be Syphon with ſmaller Arms. See 
3 1 Fig- 4. done by gently putting the Byyle's 8:b Hydroftatick Paradox. B 
f L's Syphon ABCD, filled with I5. So likewiſe, it may be, that P: 
; Fi Oyl as high as ABC, into the Water Oyl bawing Water on each Side of it 
=—_ till the ſhorter Arm AB be under may not riſe up, viz- thus; if, when VI 
—_ Water ; for then the Water preſſing the Syphon is filled with Water up ſo 
1 upon the Superficies AB, will lift uß to ABC, Oyl be poured upon the 8 
1 the Oyl ſo much the higher towards Water in each Arm, and Water be 
. b D, as the Syphon is let down deeper again poured upon that Oyl to bal- B 
I : into it- And from hence alſo it is as lance the Preſſure of the lower Wa · h 
* elear as the Sun at Noon- Day, that ter upwards. See Boyle Hydreſta- 
_ 1 there is no ſuch Thing as Levity in ticks, Paradox g. 
—_ Nature, But let the Experiment d 
= } 
8 1 | 2 
j 
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* 15 
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E HAT. 
Of Accretion, Diminution, and Ateration. 


A Ariſtotle in treating of lacal Motion conſiders alſo 1· What 5: 
the other Changes that happen to natural Bodies, ſuch Ta" —— 
as Accretion, Diminution, and Alteration, which he calls % Dimi. 
Motion likewiſe; ſo we after his Example, ſhall not z»tien, 
wholly neglect theſe, but ſhow that it was not without 
Reaſon, that he brought them under this Head, ſince 
they are indeed the Effects of local Motion. All the 
World agree, that by Accretion and Diminution is meant 
the ſenſible Increaſe or Decreaſe of the proper Subſtance 
of a Body; Thus we are ſure, that the Trunk of a 
Tree is increaſed when we ſee it bigger than it was be- 
fore. | 
2. Since we obſerve, that Trees, and in general all 2. How Bo. 
Bodies ftand in need of Nouriſhment, to make them ** — 
increaſe, and that it is impoſſible to conceive how a — 
Body ſhould increaſe and become bigger without ſome 
Parts being added to its former Bigneſs; this is a con- 
vincing Proof, that every Body which increaſes, receives 
ſome Augmentation of Matter. And as this is true of a 
Body which increaſes, ſo may we alſo affirm, that every 
Body which decreaſes, loſes ſome of the Matter which it 
had before. . | 

However this does not hinder us from making a 3. That In- 
difference betwixt Increaſe and Rarefattion ; and betwixt 7, fas 
Decreaſe and Condenſation : For the Matter which is ad- Rargfactisn. 
ded to a Body increaſing, and That which is taken from 
2 Body decreaſing, is looked upon as belonging to it, 
and as part of its proper Subſtance ; but, as was before 
obſerved; the Matter which enters into the Pores of a 
Body to rarify it, or That which gets out of its Pores, 
that it may be condenſed, is looked upon as Matter that 
does not belong to it. 

4. The Idea we have of the Accretion of a Tree, be- 4-Thet there 
ing different from the Idea we have of its being tranſ- deal e. 
planted, it muſt be owned, that Ariſtotle had Reaſon to ference le- 
make a difference betwixt Accretion and local Motion. i _ 
However, as a Tree cannot be tranſplanted, but by the +, extthe 
local Motion of its whole Body, ſo we cannot conceive lxcalMotion, 


hew it ſhould increaſe but by the local — and t. 
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Union of the ſmall Particles which contribute to the in- 
creaſing it. 

5. When a Body neither increaſes nor decreaſes, but 
is ſomewhat changed, if this Change be not ſo great that 
we do not at all know-it ; we call it, as was ſaid before, 
Alteration ; hence it is eaſy to ſee, that there can be no 
Alteration without local Motion: For how can there be 
any Change in a Body, if none of the Parts which com- 
poſe it, and upon the particular Order of which its Nature 
depends, have changed their Situation? This being fo, it 
is very evident, that there muſt be an Alteration in a Bo- 
dy, when the ſenſible or inſenſible Particles of which it 
is compoſed, are put out of their Order, or any great 
Change made in their Figure: Or it may alſo ſuffer an 
Alteration, by the Acquiſition of ſome new Particles, or 
by'the Loſs of ſome of its old ones ; all which cannot be 
without local Motion: Thus, when there is an Alteration 
in a bruiſed Apple, we can eaſily imagine that many of 
its Particles have been forced to change their Situation, 
and perhaps ſome of them have alſo changed their Fi- 
gure. If after this, any one ſtill doubts whether there 
may not be ſome kind of Alteration in which there is 
ſomething elſe beſides what proceeds from local Motion, 
I think he cannot be ſatisfied better, than by what we are 
now going to ſay of Forms. 


2 8 8 8 42224464 
r. e. 
Of FORMS. 


ORMAS are a Subject that we cannot hope to treat 

of, as we have done of Matter. For ſince Matter 
is a common Subſtratum, which, when once we underſtand 
what it is in Wood, we cannot at the ſame time but un- 
derſtand what it is in Fire, and in every Thing elſe ; one 
{ingle Reflexion is of it ſelf ſufficient to gain the Know- 
ledge of it. But becauſe the Form of any Thing, is that 
which makes it to be that particular Thing, and diſtin- 
guiſhes it from every Thing elſe; it does not follow, that 
if we know the Form of Wood, we therefore know the 
Form of Fire, or any Thing elſe. Wherefore if we 
would ſucceed herein, and ſay ſomething more than ordi- 


nary, we muſt deſcend to Particulars, notwithſtanding the 
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Cuſtom of Philoſophers, who ſeldom do ſo, but for the 
moſt part content themſelves with propoſing abundance 
of looſe Queſtions, which we may look upon as ſuperflu- 
ous, and from which we can gain no Advantage. 

2. However, I do not affirm, that it is an uſeleſs En- 2. Of fs. 
quiry, if it ſhould be asked here, as uſually it is, whether er. 2 
there be any ſuch Things as Subſtantial Forms, that is, 3 
Forms which are real Subſlances; and conſequently have a fance of the 
diſtin Exiſtence from that of Matter. But thus much — 
at leaſt, I may venture to affirm; that the Solution of this po. = 
Difficulty, depends upon the particular Knowledge of there are any 
the Things. The Inſtance of the rational Soul proves no- bers. 
thing here ; for though we know that this is a Subſtance 
really diſtin&t from the Body, to which it is united, and 
that it does not at all depend upon it for its Exiſtence, 
yet we can conclude nothing from hence as to the Forms 
of other Beings which are purely material. 

3. But if we conſider this Matter more cloſely ; though 3. 7 the 


3 acknowledge, as all the World do, that the Soul is that 7e Seut 


. t th 
which particularly makes a Man to be a Man ; and con- Fe of the 


ſequently that it is truly the Form of a humane Body as humane Bady 
humane; yet I can't agree, that it is, properly ſpeaking, ©* Bech. 
the Form of all that which is ſenſible, and is called the 

Body and conſidered ſimply as a Body; any more than it 

is the Form of any of its Parts, conſidered as different 

from each other : For in this Senſe, every one of them 

has its particular Form ſo cloſely connected with the Mat- 

ter of it, that it continues as long as the Part ſubſiſts, 

even after the Soul is ſeparated from the Body. And in- 

deed after ſuch Separation, every part appears the ſame, 

as it did immediately before, For, that which was Fleſh, 

for Inſtance, is Fleſh ſtill, and that which was Bone, is 

Bone ſtill, and fo of the reſt, 

4. The Cauſe of many People's Miſtake, who con- 4: 4" Error 
found the Properties of the Body with thoſe of the Soul, pr ug 
is this; that a dead Body, when the Soul is ſeparated from 
it, is uncapable of many Functions which we obſerved in 
it before, ſuch as moving it felf, Reſpiration, Nouriſh- 
ment, &c. ſo that they perſwade themſelves that all theſe 
T hings depend upon the Soul, and would not have ceaſed 
in the Body, if the Soul had not departed from it : 
Whereas we ought rather to think, that the continuing 
of the Soul in the Body, depends in ſome meaſure upon 
the Diſpoſition of the Body to perform theſe Functions, 
and that the Separation is a Conſequence of theſe Functi- 
ons not being able to be performed. For every Day's 

H 4 | Experience 
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Experience ſhows us, that Death never comes, nor is the 
Soul ever ſeparated from the Body, till it is ſome way 
hurt, or by ſome Means ſpoiled and corrupted. And we 
have no Example of the Soul's being ſeparated from a 
ſound and perfect Body, and that this Body did not be- 
gin to be corrupted, till after, and becauſe the Soul was 
ſeparated from it. 


8 5. It would therefore be unreaſonable, upon the ſingle 
CHOIR Inſtance of the Rational Soul, which is very different from 


6. That its 
nt Certain 
that Ariſto- 
tle did al- 
foww of ſub - 
Hantial 
Forms. 

7. {bat Ar- 
1ificial 
Forms are 
aijo nataral. 


the common Forms of Bodies, and without firſt Knowing 
the particular Form of all Kinds of Bodies, to affirm here 
raſhly, that there are /ub/tantial Forms in Things merely 
corporeal; however we may venture ſaſely and confi- 
dently to aſſert, that there are ſome Forms which are 


e/jential, that is, ſuch as belong neceſſarily to their Sub- 


jects : Thus to be liquid is eſſential to Water, becauſe there 
is no Water which is not liquid; we may alſo affirm, 
that there are other Forms which are only accidental, be- 
cauſe they fo belong to the ſubject, that it can exiſt with- 
out them, and not ceaſe to be what it was. Thus coldneſs 
is an accidental Form of Water, becauſe Water would 
{till be Water, if it was made hot. 

6. It might very eaſily be, that Ariſtotle might ac- 
knowledge e/ential Forms and not fub/taniial Forms; for 
it is certain, that the Greek Word which he uſes, may 
as well or better ſignify the one than the other. 

7. Forms are commonly diſtinguiſhed into Natural and 
Artificial : T hey call thoſe Natural, which belong to the 
Subject without the Aſſiſtance of Men; Thus a Portion 
of Matter receives the Form of Marble in the Bowels 
of the Earth. Artificial Forms are thoſe that proceed 
from Art; thus the Form of a Clock is called Artificial, 
becauſe it 1s owing to the Labour of the Clock-maker. 
I agree, that if the Name had been given with regard 
only to the Cauſes by which they were produced, it 
would have been reaſonable to call the one Natural, and 
the other Artificial; but ſince it is inferred from thence, 
that the Natural Forms are different from the Artificial 
Forms, and that they act from internal Principles, which 
are very different from thoſe of Artificial Forms ; there 
lies the Miſtake, For Artificial Forms are as natural as 
the Natural Forms themſelves, becauſe they proceed from 
Cauſes purely natural ; and Art, as was faid before, docs 
nothing elſe but apply active Things to paſhve Ones. 


8. It 
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8. It is much more reaſonable to divide Forms into 8. The Di- 
Simple and Compound. Simple Forms are thoſe of ſimple 247, , 
Beings, that is, of Beings that are capable of but a ample and 
few Properties; and compound Forms are thoſe of com- compound, 
pound Beings, that is, Beings that are capable of a great 
many Properties. For Inſtance, the Form of a hard 
Body, whatever that Form may be, is a ſimple Form 
compared with the Form of Wood, which, with reſpect 
to the former, may be ſaid to be compounded ; becauſe a 
hard Body, as hard, is not capable of ſo many Pro- 
perties as Wood. | 

9. This Obſervation is more remarkable than one 9. That fin- 
would imagine. For it is evident, that ſimple Things may ** 2 oz 
be known, when we don't at all know thoſe that are — 
compounded of them: Whereas we cannot know thoſe ff 
that are compounded, but we muſt have a diſtinct Know- 
ledge of thoſe Things which go towards their Compo- 
ſition, Wherefore in order to underſtand particularly the 
Forms of Bodies, it is neceſſary that we firſt begin with 
thoſe that are ſimple, and afterwards come to thoſe that 


are compounded, 


IR ee eee 


CHAT. AC 


Of Elements according to the Opinion of the 
Antients. 


I F we once have a clear Notion of what Philoſophers 2. ber 
mean by the Word Element, we cannot doubt, but Philepbers 

that the Forms of Elements are the moſt ſimple of all. _— * 

It is to be obſerv'd therefore, that the principal Deſign 

of Philoſophers, is to explain how every Thing is gene- 

rated, in ſuch a manner as to let us know the different 

States through which ſuch Things paſs from their firſt 

Principles till they are entirely compleat, and in that perfect 

State in which we ſee them. And in order to this, ſince 

they find by Experience, that every Thing is not made 

indifferently out of another, and that Stones, for Inſtance, 

and Marble are not proper to be converted into Fleſh, 

neither will they ſerve to nouriſh it and make it grow; 

ſo they judge by proportion, that all ſorts of Bodies are 

not compounded of Principles alone, connected together 


in the moſt ſimple manner poſſible; but only ſome very 
| ſimple 
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2. That 
there cunht 
to be more 
Element: 
then one, 
and bat 
the Opinion 
of the An- 
frents voa 
concerning 
Elements, 


2 II. ⁊o 
Ariſtotle 
made Four 
Xlements, 


8 Nat 
Names be 
Cave t9 tem. 
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ſimple Things, of the Mixture of which all other 
Things are afterwards compoſed. Theſe very ſimple 
Things, whatever they be, which thus ariſe from the 
firſt Determination and Connexion of Principles, are what 
Philoſophers call Elements So that Elements differ from 
Principles in this, that a Principle, ſuch as Matter, for 
Example, is, as it were, an incompleat and undetermined 
Thing, whereas an Element, is a compleat and determined 
Thing. 

2. This being explained, there muſt, without doubt, 
be more than one Element, otherwiſe there would be but 
one uniform Simplicity in Nature, and no compounded 
Things. But Philoſophers have not agreed what is meant 
by Element ; the Reaſon of which is, becauſe they have 
not ſo much inquired into the Nature of T hings themſelves 
as into the Senſations which they are apt to raiſe in us. 
Thus ſome Philoſophers who conſidered the Senſe of See- 
ing only,” have aſſerted that Light and Dark, Tranſparent 
and Opacous were the Elements of Things. And others, 
who referred every Thing to Feeling, have pretended 
that Hard and Liquid, or Hot and Cold were the Ele- 
ments, 

3- Ariſtotle may be placed amongſt the Number of 
the laſt, though he went in a Way "ſomewhat different 
from theirs. He conſidered firſt, the principal Qualities 
that come under the Senſe of Feeling, ſuch as Heat, Cold, 
Dryneſs or Hardneſs, and Moiſtneſs or Ligudneſs : And 
after he had obſerved that two of theſe Qualities might 
meet in the ſame Subject, and that the Four might be 
coupled four different Ways, he compoſed four Elements; 
of which the Firſt is Cold and Dry, the Second is Cold 
and Moiſt, the Fhird, Hot and Moiſt, and the Fourth, 
Hot and Dry. 

4. Then, in order to give Names to them, he exami- 
ned what thoſe T hings in Nature were, in which one 
Element ſeemed to prevail, or in which its Qualities were 
moſt ſenſible. Thus, imagining the Earth to be both 
the coldeſt and drieſt Thing in the World, he called his 
Firft Element, Earth. So likewiſe, becauſe he thought 
that Water was the coldeſt and moiſteſt Thing, he cal- 
led his Second Hlenient, i ater. Further, imagining alſo, 
that there is nothing more mo and hot than Air, he 
called his Third Element, Ain; Ard laſtly, not doubting, 
but that Fire is the hotteſt and dry eſt Thingin the World, 
IC alle his Fourth Element, Fire. 


5. Art 
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5. Ariſtotle's making uſe of Names which were before 5- Thar theſe 


uſed to ſignify other Things, hath given occaſion to many, 
who did not rightly apprehend his Meaning, weakly to 
believe, that This Earth which we inhabit, This Water 
which we drink, This Air which we breathe, and This Fire 
which we kindle, are the Four Elements, But this will ap- 
pear a very groſs Miſtake, to any one who conſiders, that 
the Name Element is given only to the moſt ſimple Body, 
whereas the four now mentioned are the moſt compound- 
ed of any we know. 

6. But if we ſuppoſe the Elements of Ari/totle to be as 
ſimple as he makes them, and if we compare them with 
thoſe which other Philoſophers have attempted to intro- 
duce ; we do not find any Advantage they have, why we 
ſhould prefer them above others; becauſe in this dome 
we have no more reaſon to conſider the Qualities of Feel- 
ing, than thoſe of Seeing, or any other Senſe, But nei- 
ther the one nor the other ought to be allowed, and that 
for theſe two Reaſons, which ſeem to me very ſtrong. 
The Firſt is, That in order to eſtabliſh Elements through- 
ly, it ought to be upon the Determinations which may 
happen to Matter 1 in it ſelf, and not upon 
the Relations which the different Forms of which it is 
capable may have to our Faculties to raiſe Senſation, The 
Second is, that all theſe pretended Elements being deter- 
mined by ſenſible Qualities, of which we have no clear 
Notion ; it is impoſſible, but that there muſt remain ſome 
Obſcurity, into which no Philoſopher can fo far pene- 
trate as to be able to ſee what will ariſe from their Mix- 


ture; in the ſame manner as a Phyſician cannot tell what 


is the Virtue of a Medicine compoſed of many ſimple 
ones, of which he has only a confuſed Knowledge. 
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CHA F.. ©. 
Of the Elements of the Chymiſts. 


1. The Me- I Cannot tell whether theſe or ſuch like Reaſons, in- 
rhod of the * duced the Chym/ts to reject thoſe Elements which the 
—— Antients would have introduced; thus much is certain, 
of Elements, that they had propoſed others very different. And in 
order to eſtabliſh them; as they profeſs an Art which 
conſiſts principally in uſing Fire after different manners, 
to ſeparate as much as is poſſible, the different Parts of 
which differcnt Bodies are compoſed, they have pretend- 
ed, that this Reſolution is the only Way to find out what 
are the true Elements which Nature makes uſe of in the 
Compoſition of Bodies; as the taking a Machine to 
Pieces, is the only way to find out what it is compoſed 
of, 
2. Jbatthe 2. Thus, in working upon certain Bodies, upon Wine, 
Mercury of ſuppoſe, they put a large Quantity of it into an Alembick, 
ag Ha his and by means of Fire, make ſome of its Parts exhale, 
which being then condenſed by the Cold, fall down into 
another Veſſel in the Form of a ſtrong, ſubtil, and pene- 
trating Liquor, to which they are pleaſed to give the Name 
of Mercury, Spirit, or Aquavit. 
3. Whatit 3. After this, continuing the Alembick upon the Fire, 
i that th:y they make it diftill a Liquor which has no Taſte, and 
he this they call Phlegm ; and ſo they go on till there re- 
and Sulphur. OY a , g 
mains nothing in the Alembick, but a glutinous Subſtance 
like Honey. Then they put this glutinous Subſtance in- 
to a Retort, and with Fire they make it again diſtill a 
Phlegm like the former, and then an acid Liquor which 
they call Mercury alſo ; and after that, another Liquor 
not quite ſo fluid, ſomewhat like Oil, and which is in- 
flammable like it, to which they give the Name, Sulphur. 
4. at: 4. Laſtly, They take that which remains in the Retort, 
1: that they and which preſently grows dry, and burn it, and put the 
ow ae,. Aſhes into an Earthen Pot or Pan, with a certain Quan- 
and Salt. tity of Water, which in a ſhort time becomes Salt, then 
ſtraining it off clear into another Veſſel, there remains 
in the Pot a kind of duſty inſipid Earth, which they call 
Caput mertuum or Terra damnata; then with agentle Fire, 
they make the clear Water which is in the other Veſſel 
& evaporate intirely, and after that, there remains at the 


Bot- 
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Bottom of the Veſſel, a hard brittle Body which is very 
like Salt, and therefore they call it Salt. 
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5. Hence they conclude, that theſe five Subſtances, 3. 732: 
viz. Mercury, Phlegm, Sulphur, Salt and Caput mortu- Mercury, 


gm, 


um, are the Elements of Wine: And becauſe whatever rhe 
, 


they can extract out of any other Subject reſembles one $a 


it, and 


or other of theſe, therefore they conclude in general, C. but mor- 


that theſe Things, are the only and the true Elements of 


t 


uum, are . 
the Elements 


all the mixed Bodies which are in the World, and that f the Cby- 
all the Variety that we ſee is owing to the different . 


Mixture of theſe. 


6. I ſhould think ita great Piece of Injuſtice not to 6. Hoo 


give the Chymiſts that Commendation which is due to 
their Induſtry and laborious Application, Without doubt 
the whole World, and the Philoſophers particularly, are 
very much obliged to them for the Pains they have taken, 


Cbymiſtry 
may be u ſeful 
to Pbiliſe- 

pbers, 


and which they continue to take, to make a great Num- 


ber of Experiments, whereby they come to the Know- 
ledge of diverſe Properties of many different Things. 
This gives them opportunity to find out and diſcover the 
Nature of Things, and at the ſame time, ſerves for a 
Rule to try the Truth of their Principles by, and to juſ- 
tify their Reaſoning and the Conſequences which they 
draw from thence, However I think their manner of 
treating of Philoſophy is not ſatisfactory, nor their Ele- 
ments ſuch as ought to be allowed, 

7. Though the exceſſive Commendations which th 
give themſelves, and with which their Books are filled, as 
if they were the only Philoſophers, and the Secrets of 
Nature depoſited in their Hands alone; and though the 
large Promiſes they make, which for the moſt are falſe 
and vain, have rendred them almoſt univerſally contemp- 
tible to the World ; and the obſcure Terms, and almoſt 
perpetual Equivocations which they uſe, have made them 
ridiculous alſo to a great many: Ye I do not depart from 
their Opinions upon this Account. For as to theſe ex- 
ceſſive Commendations, and vain Promiſes, they are only 
perſonal Faults which any one may eaſily lay aſide, and 
which ſome Chymiſts of my Acquaintance are entirely 
free from; who far from being vain and proud like o- 
thers, are on the contrary, ſo modeſt, that if they had 
nothing elſe to recommend them, they ought upon this 
Account to be placed in the Rank of Gentlemen. And as 
to the Obſcurity of their Terms, ſome of which are 
authorized by "Cuſtom, that is eaſily diſperſed, if we 
give but our ſelves the Trouble to explain them. 
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7. The E- 
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$. That ' 8. That which makes me not to approve of the Me- 
rey derbe, thod of the Chymiſts, is, firſt, becauſe it is defetive ; 
get togetber MS 0 : 
all the Parts for it is certain, that let them take never ſo much Pains, 
2% mixed they can only get together the ſenſible Parts of which a 
thoſe Abies Body is compoſed : For as to thoſe which reſemble that 
they do get ſubtil Matter, the Exiſtence of which, we demonſtrated 
eogetber ate above, and which go to the Compoſition of a great many 
altered. a a : 
Things, theſe eſcape all their Pains. But further, that 
which they give the Name of Principle to, cannot but 
be very much altered, and very different from what it 
was in the Mixture : For it is impoſſible, but that the 
different Parts which they Extract, when they are put in 
Agitation by the Fire, and daſhed one againſt another, 
muſt be changed both in their Figure and in their Na- 
ture. And this is confirmed by Experience, for if all 
the Parts into which the Mixture is reſolved, be mixed 
together again, the Reſult will not be at all like the for- 
mer Mixture, | | 
8 _ 7 9 To this may be added, that the Chymiſts deceive 
3 themſelves, in ſaying, that there are but five Elements: 
en, thre For allowing of their Method, and the Manner upon 


ought to ke hich it is founded, we mult ſay, that there is a great 
more than | 


five El- Number, yea ſo great, that it is impoſſible to know them 


ments, all. Thus there are a great many Sorts of Mercury, 
Sulphur, Salt, &c. But to mention Salt only ; we find 
almoſt as many different Salts, as there are different Mix- 
tures, For Example, That which is extracted out of an 
Aſh- tree, is Cauſtick, that is, will cor rode and burn 
the Fleſh, if applied to it; but that which is extracted 

from an Oak will not do ſo. 
10. That 10. But that which ſhocks me moſt in the Reaſoning 
ebey bave of the Chymi/ts, is the Confuſion that they are unwilling 
fal Naim to get out of, and the Averſion they have to clear and 
of their «wn diſtinct Knowledge, which it is ſo natural to deſire. For 
Elements: Inſtance, if we ask them what they mean by Sulphrr, 
they will anſwer indeed, that it is a fat inflammable Sub. 
ſtance ; but if we go on to ask what this fat inflammable 
Subſtance is, which they call Sulphur, and in what this 
Property of being Inflammable conſiſts, they will not only 
not give us any further Anſwer, which indeed is no great 
Matter, becauſe they have. none to give; but they will 
be offended at our Curioſity, and that we ſhould have any 
Delire to be ſatisfied herein: So that their Science extends 
no further than to give Names to things whoſe Natures 
they underſtand not, and conſequently from the Mixture 
of which, it is impoſſible to forelee what will ariſe, which 
is 
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is one of the principal Conditions which we require in 
Elements. 

11. Perhaps it will be ſaid here in favour of the 17. The 
Elements of the Chymi/ts, and in favour of thoſe of the Up of : 
Ariſtotelians, that though we do not know diſtinctly what Zt-merts of 
they are in themſelves, yet we know at leaſt what they *% 5 4K 
are Capable of, that is, the Senſations they raiſe in us, or 2 i 
the Convenience or Inconvenience we receive from 
them, which they think ſufficient to determine what the 
Effect of their Mixture will be. For, ſay they, we may 
lay down two general Rules hereupon ; Firſt, That if 
two things ſeparately, are capable of producing the ſame 
Effet, they will alſo be capable of producing it when they 
are mixed together. Secondly, That if Two things ſepa- 
rately, are capable of producing two contrary Effects, when 
they are compounded together, they will produce ſame middle 
Thing between theſe two Effects. And theſe cannot be de- 
nied to be of good Uſe. - 

12. Though theſe Rules are for the moſt part found 12. This 
to be true, yet it will be very wrong to truft too much Hy , 
to them; and I doubt not but the Chymiſts themſelves 4 Aux: Ang 
will diſown them; for they know very well, that he / our ma- 
who exactly follows them, will many times form a Judge- fa * 
ment contrary to Experience. 4. 9 

13. For inſtance, if we follow theſe two Rules ſtrict- 13. Thefrft 
ly, we mult affirm, that two Bodies which ſeparately are Infances 
cold, ought together to make one cold Body. 

14. We muſt affirm, that two liquid Bodies will com- 14. Il. N- 
poſe one liquid Boch. — 

15. That two tranſparent Liquors will compoſe one 15. III. E. 
tranſparent Liquor. Hance. 

16. That two red Liquors mixed together, will make 16, IV. I 
one red Liquor. | Pance. 

17. That a Body of a Yellawh Colour, mixed with 17. v. In- 
a Body of a Green Colour, ought to compoſe a Yellowiſh Hance. 
Green. 

18. That two things which may be ſeparately taken 18. vi. I- 
without any danger, may alſo be taken together without fence. 
any, 

= However, we know that every one of theſe are 19. The frf 
contradicted by the following Experiments. For Exam- 9 
ple, cold Lime, having cold Water ſprinkled upon it, trary. 
grows ſo hot, as to be ready to burn, Further, If Oil 
of Vitridl and Oil of Tartar, each of which are cold, be 
mixed together, we ſhall perceive a ſudden Ebullition, 
and at the ſame time a very ſenſible Heat, | 


20. If 


112 


20. II. Ex- 
Peri ment. 


21. III. Ex- 
periment, 


22. Of 
Sympatbe- 
tick Ink. 
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20. If Spirit of Wine and Spirit of Urine, each of 
which are very fluid, be mixed together, they will, in 
a Moment almoſt, unite into a Body not at all fluid, 
but pretty hard, | 

21. If about an Ounce of L:tharge of Silver be put in- 
to a Pint of diſtilled Vinegar, and boiled half a Quarter 
of an Hour, and if a Piece of unſlacked Lime be ſteeped 
Four and twenty Hours in a ſufficient Quantity of Wa- 
ter (it muſt be in an Earthen Pot varniſhed, new and 
clean ; ) and afterwards each of theſe Liquors be ſtrained, 
they will be very tranſparent ; but when they are mixed, 
they will become opacous and of a very brown Colour, 

22, In the Uſe of theſe two Liquors conſiſts the whole 
Secret of the Ink, which they call Sympathetick Ink. 
They write that which they would not have ſeen, with 
the firſt Water, and the Writing diſappears the Moment 
that it is dry : Then, he who receives the Letter, wipes 
over the Paper with a Sponge ever ſo little moiſtned 
with the other Water, and the Writing begins to ap- 
pear of a reddiſh Colour, tending to a Black. If theſe 
Waters are freſh made, and Care be taken to cover 
the Pot in which the unſlacked Lime is infuſed, the 
Sponge that is moiſten'd need not touch the Writing, in 
order to make it appear ; it is ſufficient, if it paſs by it 
at a little diſtance : Nay I have often ſeen the Lime- 
Water fo ſtrong, that when the Letter written with 
the firſt Water was laid upon a Table, and covered 
with a Quire of Paper, the upper Leaf of which only 


was moiſtned with the Second Water, the Writing grew 


23. IV. Ex- 
periment, 


black. 

23. If a Piece of Braſil Mood be boiled in Water over 
the Fire, we ſhall preſently have a Liquor pretty red ; 
which if it be afterwards poured into a Glaſs in which 
there is ever ſo little Vinegar, this Colour will be changed 
into an Amber-Colour, and that fo quick, that the firſt 
Colour will diſappear entirely, as ſoon as the Water 


touches the Bottom of the Glaſs. 


24. V. Ex- 


periment, 


24. It is certain, that Nut-Galls are of a Yellowiſh 
Colour, and that when they are reduced to Powder, 
there is no more Blackneſs in them, than in the Cop- 
peras, which is green ; and yet if theſe two be infuſed 
in common Water for a few Days, or if you would 
have it quicker, if the Water be boiled an Hour or two 
over the Fire, they will be of one black Colour, and 


not differ from Ink but only in this, that they want 
the Gum Arabick, 


* 
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f 25. Phyſicians order ſometimes a ſew Drops of Spirit 25: Vl. Ex» 
of Nitre or of Oil of Vitridl to be taken in Broth or ſome NI. 
other Liquor, and theſe two Things taken ſeparately and 

in proper Caſes, are good Remedies, but if they be ta- 

ken together, they are Poiſon, Now this Experiment, 

together with the foregoing ones, and many others that 


* Þ might have been added, do ſo evidently ſhow the Un- 
; certainty of the two forementioned Rules, and conſe- 
quently the little Uſe of the Elements of the Antients and 


of the Chymiſts, that there is no need of adding any 
Thing more: That which now remains to be done, is 
to endeavour to diſcover what are the true Elements of 
natural Things. 


IEK NN 36 36 36 36 06.063 3% K EEK EK 
CHAP. XXL. 
Of the Elements of Natural Things. 


THAT we may act here with all poſſible Caution, 1. That we 
and eſtabliſh the number of Elements, upon the = 
Conſideration of Things as they are in themſelves, with- feria 
out any regard to the Manner of their affecting us; we Figure: ts 
obſerve, that the firſt Thing that we can conceive to hap- = Som 7 
pen to Matter, is, that it may be divided into a great 5 
Number of Parts, all which are of a certain Figure. This 
Conſideration is of great Importance; for if we attend 
ever ſo little to it, we ſhall be ſurprized at ſome Perſons, 
who are ready to laugh, when we obſerve to them, that 
the Parts of Matter are of a certain Figure, and yet can 
ſeriouſly hearken to thoſe who tell them of occult Qua- 
lities, which they cannot at all comprehend. 3 
2. We obſerve further, that beſides thoſe groſs Bodies, „ Tae. 
ſuch as we can take notice of, with which we are ſur- chere are 
rounded ; there are an infinite Number of others very ſmall, —— | 
which eſcape our Sight, and which were not at all known ſmall Bodien 
to the Antients. Though even amongſt theſe, if we A 
ſtrictly examine them, ſome may be made appear to us, 
ſuch as the liitle Eels, which ſpring up almoſt in a Mo- 
ment, in the be/t fort of Vinegar ſet in the warm Sun; but 
it is certain, we had not known of theſe ſmall Creatures 
to this very Day, were it not for the happy Invention of 
the Microſcope, in this Age. Thus, for Example, Spects 
Mculd upon the Covers of Books, have been long ob- 
Fo ke i : oe | ſerved, | 
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ſerved, and alſo, that a Mite, which is much leſs than a 
Grain of Sand, is an Animal, becauſe we can ſee it move 
along ; but it is fince the Invention of Microſcopes that 
we can with pleaſure ſee not only that they are fo, but 
that every Speck of Mould is a little Garden covered with 
Plants, every one of which has its Stalk, Leaves, Bud: 
and Flowers; and that a Mite has its Back covered with 
Scales, that it has three Feet on each Side, and two black 
Sp:ts in the Head, which we ſuppoſe to be Eyes, becauſe if 
the Point of a Needle be put in its way, it will turn aſide. 
3. That 3. Since ſuch ſmall Bodies are diſcovered and ſeen by 
ebeſe Badiet the Microſcope, we may reaſonably judge that there are 
_— 2 Parts incomparably leſs yet, which eſcape all our Senſes, 
ſmallr., all the Induſtry of Man, and exceed even our Imagina- 
tion itſelf. And that this may be clear by one Exam- 
ple; Since a Mite walks along, it muſt have Legs, and 
theſe Legs muſt neceſſarily have Joints. In order to move 
the Joints, there muſt be Muſcles, Nerves and Tendons, 
and in theſe Nerves Fibres, ſuch as we ſee in thoſe of lar- 
ger Animals, or at leaſt, ſomething equivalent to them : 
And if we would carry this Conſideration yet further, and 
ſpeak of the Heart, Blond, Brain, and Animal Spirits, 
we ſhall - be quite at a Loſs, and forced to confeſs, that 
our Imagination is unable to comprehend or repreſent the 
extreme Smallneſs of the leaſt Parts of which a Mite is 
compoſed, I defire that theſe Things may be well conſi- 
dered, and I have purpoſely urged them, to avoid the 
Impertinence of thoſe Perſons, who ridicule every Thing 
propoſed to them, which does not agree with their groſs 
Notions; and who make a Jeſt of it, when we men- 
tion that ſubtle Matter to them, whoſe quick Motion and 
Smallneſs makes a Paſſage for it, and finds it a Place 
every where, v | 


4. That 4. Having laid down theſe Obfervations, fince we are 


Elements aſſured, that the ſmalleſt Bodies in the World, as well as 
kg the larger, ariſe from the Mixture of Elements; and 
viſion that ſince it is certain, that a ſufficient Number of the ſmalleſt 
2 on of Parts, may compoſe as great'a Body as we will; we 
"* muſt conclude, that there ought to be as many Elements, 
as there can be remarkable Differences in the inſenſible 

Parts of Matter upon their firſt Diviſion. 
5- That we 5. Now that my Mind may be the clearer underſtood, 
2 * T muſt repeat the Advice which I before gave, viz. That 
Divifin I confider Things in their mere natural State. And though 
_—_ was I am very well aware, that the firſt Diviſion of Matter 
3 7 was made by God, and as he pleaſed, when he created 
the World, © . Ann 
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fo the World; yet that is not the Diviſion I am here 
* ſpeaking of, becauſe I believe the Creation to be a Myſ- 
tery which I cannot ſearch to the Bottom of. So that 
mY { ſpeak of another Diviſion, which may be made agree- 
th ably to the Notions we have, and of which all the 
Things in the World are the Conſequences. * 
6. Thus, conſidering as far as T am able all Matter, 6. bor 


4 

; 
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c> | firſt divide it in my Mind into an infinite Number of % 25 | 
it Parts very near equal, not troubling my ſelf what Figure 7 juppoſe [ 
e. they are of, becauſe, there may be a great many other Elements to 8 
* Figures, beſides Cubick which comes firſt into every one's o_ ; 
re Thought, that may produce the ſame Effect. After this, ; 
3 I ſuppoſe that God turns every one of theſe little Parti- 
cles, in many different Manners, about their ſeveral ; 
if Centers, in order that a true Diviſion of them from each | 
10 other may begin to be made: | | 
2 7. This being ſuppoſed, it cannot be but that all theſe 3. Thar, 
* Particles of Matter muſt be broken where-ever they are — he . 
r- | 2 2 neceſſarily 7 
angular, or are intangled with thoſe that join to them; tree Ele- L 
15 ſo that thoſe which were ſuppoſed before to be very ſmall, vent! ; 
ud muſt become till ſmaller and ſmaller, till they are got 
5, into a Spherical Figure, Thus we have two 'Sorts of | 
in Matter determined, which we ought to account the two 
de firlt Elements. And of theſe two we here call that which 
conſiſts of the very fine Duft which comes off from thoſe 
4 Particles, which are not quite ſo ſmall, when they are 


turned round, the fir/# Element. And theſe Particles thus 
8 made round, we call the Second Element. And becauſe 


fs it may be, that {ome of the ſmall Parts of Matter, either 
aff {ingly or united together, may continue in irregular and 
1d confuſed Figures, not ſo proper for Motion, we take them 
* for the third Element, and join them to the other two. | 
| 8. As to the chief Properties of theſe three Elements, 3. The * f 
* it is to be obſerved, that it is no Contradiction to ſuppoſe _— 7 | 
= them to be changed from one Sort to another : Thus the / 
id Particles of the Third Element may ſometimes be made i 
ft round, and acquire the Form of the Second. And thoſe | 
8 of the Second and Third may be broken, and ſo converted I 
Sy into the Fit. But none of theſe three Elements will 1 
le better preſerve their Form than the Second, becauſe it is | 
more ſolid, and the Spherical Figure, which it is of, will 1 
d, allow it to move about it ſelf, without being intangled with | 
oe the Particles about it. On the contrary, hone are fo . | 
zh eaſily changed as the Fir/?, becauſe its Particles moving 
er very quick, and being very ſabtle, they carinot refit the 
ed Shock of the Particles belonging to the other Elements, 
* Vo, I. I 2 when 
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when they meet with them, but are forced at all times 
to ſuit their Figures to thoſe of the Places through which 
they paſs, and where their Motion carries them. 
9. The Pr Q. The Firſt Element ought alſo to have more Motion 
— Th than either of the other Two, for though all the three 
Elements, were at the Beginning equally moved by the 
Firſt Mover, yet it muſt afterwards happen, that the fir/? 
Element having oftentimes met with other Bodies which 
reſiſted it, and which it could not move, will be reflected 
back, without loſing any of its own Motion; whereas 
the other Elements cannot meet this, but they will move 
it, and fo increaſe its Motion by dimgniſhing their own. 
10. foto be IO. And fince the Firſt Element is often forced to run 
Fir Ele- into thoſe little Intervals which are between the ſmall 
5 ay. Globes of the Second Element, it muſt neceſſarily be, that 
er Velecity many of its Parts being compreſſed, will leave the Place 
2 7% where they are, and get forward; and ſo having a Moti- 
ee on compounded of their own Motion, and of that of 
the Parts which follow them and preſs upon them, they 
will acquire a greater Velocity than the Parts of the Se- 
cond Element which force them on, In the ſame man- 
ner as the Air contained in a pair of Bellows goes out 
with much greater Velocity than the Sides of the Bellows 
approach each other, and which by their approaching, 
puſh it, and make it to go out. 
11. Ny we II. I would have it obſerved by the way, that I might, 
do not give after the Example of Ariſtotle, give Names to the three 


proper 


Names: co forementioned Elements, from the Things which partake 
ebeſe Ele- molt of them: Thus, I might give the Name Fire to the 
—_— Firſt Element, Air to the Second, and Earth to the Third. 
But beſides, that this would be to act contrary to Order, 
becauſe I have not yet proved, that Fire is for the moſt 
part compoſed of the Fir/t Element, Air of the Second, 


I and Earth of the Third ; there is yet another Reaſon that 
ought to hinder me from doing it, and that is, that J 
ſhould give Occaſion for abuſing them, and for having 
them underſtood in another Senſe that what I intend they 
ſhould be. 
12. Jar 12. Perhaps it will be here ſaid, that Matter was not 
ebeſe three divided in the Beginning as I have ſuppoſed; But tho? 1 
e are agree it may be fo, this makes nothing againſt me; for 


Narys it ſignifies very little how Matter was divided at the Be- 
| ginning ; and in what manner ſoever it was divided, 
there is no doubt but it is now divided into thoſe three 

Sorts of Matter which I have deſcribed ; it being certain, 

that they neceſſarily follow from the Motion ang the 

| | Diviſion 


— 
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Diviſion of the Parts of Matter which Experience obliges 
us to acknowledge in the Univerſe. So that the Three 
Elements which J have eſtabliſhed, ought not to be look- 
ed upon as imaginary Things ; but on the contrary, as 
they are very eaſy to conceive, and we ſee a neceſſity of 
their Exiſtence, (1) we cannot reaſonably lay aſide the 
Uſe of them, in explaining Effects purely Marterial. 


4 CHAP, 


(1) Ve cannot reaſonably lay aſide) 
Theſe three Elements are to be look - 
ed upon as fititious and imaginary, 
becauſe they depend upon a Plenum 
every where, which we have before 
rejected. But concerning the true 
Elements of Nature, the illuſtrious 
Newton thus explains himſelf. 

It ſeems probable to me, that God 
in the Beginning formed Matter in 
ſolid, maſſy, bard, impenetrable, no. 
veable Particles, of ſuch Sixt and 
Figures, and with ſuch other Proper- 
ties, and in ſuch Proportion to Space, 
az moſt conduced to the End for which 
be formed them ; and that theſe Pri- 
mitive Particles being Solid, are in- 
comparably barder than any porous 
Bodies compounded of them ; even 
ſo very bard, as never to wear or 
break in Pieces No ordinary Power 
being able to divide what God bim- 
ſelf made one in the firſt Creation. 
While the Particles continue entire, 
they may compoſe Bedies of one and 
the ſame Nature and Texture in all 
Ages: But ſhould they wear away or 
break in Pieces, the Nature of Things 
depending on them, wou /d be changed. 
Water and Earth compoſed of old 
worn Particles and Fragments of 
Particles, would not be of the ſame 
Nature and Texture now, with Na- 
ter and Karth compoſed of entire Par- 
ticles in the Beg inning» And there- 
fore that Nature may be laſting, the 
Changes of corporeal Things are 10 be 
Placed only in the warious Separati- 
ons and new Afſectations and Motions 
of theſe permanent Particles; com- 
Pound Bodies being apt to break, not 
in the mid of ſolid Particles, but 
where thoſe Particles are laid toge- 
ther, and only touch in a few Points, 
Opticks pag 375» 

Further, nothing can be more ab- 


ſurd than to imagine, that all theſe” 


lurprizing Things in the Univerſe, 
ariſe and were formed out of thoſe 
three Elements of Carter, and by 


the Motion impreſſed upon them in 
the Beginning, without any Inter- 
poſirion afterwards, either of God 
himſelf, or agy other intelligent 
Cauſe. For according to that Hypo- 
theſis, the Followers of Cartes have 
not ſo much asdared to attempt ex- 
plaining how all Kind of Planes and 
Animal Bodies (which are the prin · 
cipal and moſt excellent Part of this 
Univerſe) were at firſt made, and by 
what Laws of Motion they were 
framed How much better does the 
forementioned admirable Perſon ex- 
preſs himſelf. 
Now all material Things ſeem to 
lave been compoſed of the bard and 
ſolid Particles abwvementioned, vari · 
ouſly aſſociated in the firſt Creation by 
the Council of an intelligent Agent. 
For it became bim who created them 
to ſet them in order. And if be did 
ſo, tit unphbiloſaphical to ſeek for any 
ether Origin of the World, or to pre- 
tend that it might ariſe out of a 
Chaos by the mere Laws of Nature : 
though being once formed, it ma 
continue by thoſe Lawn for many A- 
get. For wwbile Comets move in ver 
excentrick Orbs in all Manner of Po- 
fitiom, blind Fate could never make 
all the Planets move one and the ſame 
way in Orbs concentrick, ſ"me incon- 
Siderable Irregularities excepted , 
which may have riſen from the mu- 
tual Aftions of Comets and Planets 
upon one another, and will be apt to 
ingreaſe, "till this Sytem wants a 
Reformation. Such a wonderful U- 
niformity in the Planetary Syſtem 
muſt be allowed the Effect of Choices 
And fo muſt the Unfermity in the 
Bodies of Ani aalt, they baving ge» 
nerally a right and a left Side ſhaped 
alike, and on either Side of their Bo» 
dies, two Legs bebind, au either 
two Arm:, or two Legs, or tw 
Wings before upon their Sbould-r1, 
and between their Shoulders a Neck 
running d:wn into a Back-bone, and 
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meant by 
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C HA P. XXII 


Of the Form of a Hard and of a Liquid Body, or 
of Hardneſs and Liquidity. 


- 
ECAUSE it s by means of our Senſes, that we 
find out the principal Differences obſerved in 
Things; I think we cannot do hetter, than to conſult 
them one after another, to find out in what Order the 
Forms of natural Bodies ought to be treated, beginning 
with thoſe that ſcover to us the feweſt Propertics of their 
Objects. And ſince the Senſe of Feeling is the groſſeſt 
of all, and that which takes up the leaſt Compaſs of our 
Views, I will begin my Inquiry with that. Now when 
we make uſe of the Senſe of Feeling, to diſcover what 
Sort of Bodies they are which ſurround us, we obſerve 
that there are ſome which reſiſt the Motion of. our Hands, 
and will not be divided without great Difficulty ; on the 
contrary, there are others which do not reſiſt them at all, 
but are very eaſily divided all ways; the firſt of theſe we 
call hard Bodies, and the other liguid Bodies; and we ſay, 
that a Body is ſo much the harder, as there is greater Dif- 
ficulty in dividing it, and another ſo much the ſofter, as 
it reſiſts leſs, and is divided with greater eaſe, © And thoſe 
Bodies which are of a middle Sort, betwixt hard and 
liquid, and which reſiſt our Feeling, or the Motion of 
our Hand but a little, theſe we call et. 


s Head upon it; And in the Head tts conjider the World as the Body of 


e032" Ears, two Eyes, a Noſe, a 
Mouth, and a Tongue, alike ſituated. 
Alſo tbe fit Contrivance of thoſe 
wery artifuctal Parts © Animals, the 
Fyes, Ear, Brain, MAuſcles, Heart, 
Langs, Midi, Glands, Larynx, 
Hands, Wings, ſwimming Bladder, 
» 2turat Spectacles, and other Organs 
of. Senſe and Mction ; and the Iaſtinci 
of Brutes and Inſetts can be the Ef. 
Jett of nothing elſe than the Wiſdom 
and Skill of a powerful everlaſting 
Agent, who being in all Places, 12 
mare able by bis Will to move the 


Bedies wuithin bis boundleſs uniform 


Senſorium, and thereby to form and 
reform the Parts of the Univerſe,than 
Te are by our Will to move the Parts 
of cur wn Bodies. And yet we are not 


Cod, or the ſeveral Parts thereof as 
Parts of Gad. He it an unform Be- 
ing, vod of Orgam, Members or Parts, 
and they are bis Creatures ſubordinate 
ta bim, and ſubſer vient to bis Will, 
And be 1s no more the Soul of them, 

than the. Saul of a Man is the Soul 
of the Species of Things carried thro' 
the Organs of Senſe, into the place of 
bis Senſation, aubere it percei ves them 

by means of us immediate preſenct 

without the Intervention of any Tbird 

Thing, The Organs of Senſe are not 
for enabling the Scul to perceive the 

Species of {bings in its Senſorium, 


; but only for conveying them thither 3 


and God hos no need e, ſuch Org ant, 
be being eve ty where preſent to the 
Things tbemſelvts. Ibid. p. 378. 


2. We 
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2. We obſerve alſo that a Body, which reſiſts the 2. Thar 
Touch and is with Difficulty divided, keeps it ſelf alſo 2 : 
within its proper Limits, and preſerves its Figure, with- — he nm, 
out wanting a Veſſel to contain it; and on the other #ind Be- 
hand, that a Body which does not reſiſt the Touch, does © A 
not contain it ſelf within its Limits, but runs and ſpreads Brdie of the 
about, if it be not put into ſome Veſſel. Wherefore tents. 
Ariſtotle having given the Name of Dry to a Body which © © 
is contained within its proper Limits, and that of Moiſt, 
to a Body which does not do ſo, but wants to be con- 
tained within the Limits of another ; it follows that 
the hard Body we are ſpeaking of is the ſame as what 
Ariſtetle called Dry, or at leaſt a Species of it; and alſo 
that the Liquid is the fame with the Moiſt, or at leaſt a 
Species of it. — 2 

3. As Ariſtotle has not explained what Dryneſs and 3. Ia ber 
Moiſineſs conſiſt in, ſo neither has he explained the = Ou 
Nature of a hard and a liquid Body. But moſt of his totle, mate . 
Followers contend, that a Body is hard, becauſe it com- Hardneſs, 
prehends a great deal of Matter in a little Compaſs, and wg 
that a Body is [1quid, becauſe it contains but a little 
Matter in a great Compaſs; ſo that they make Hard- 

»-/5 to conſiſt in Condenſation, and Liquidneſs in Rare- 
faction. | . 

4. It is to be obſerved, that they would be under- 4. That 
food to ſpeak here of a Rarefaction, without the Addi- ber Opisi- 
tion of any Matter at all, not ſo much as of foreign « folk — 
Matter; and of a Condenſation which does not in the p2frion. 
leaſt ſuppoſe any Sort of Matter to come out of the 
Pores of the condenſed Body; which Things are di- 
rectly oppoſite to what has been before eſtabliſhed ; 
wherefore it cannot be thought ſtrange, if we do not 
agree together as to the Nature of hard and liquid 
Bodies. | rr | 
" 5, But if Rarefaction and Condenſation were made as 5. 4 Confu- 
they pretend, yet it were eaſy to prove that they are — 2 
miſtaken in their Notion of Hardneſs and Liquidneſs : the Ariſto- 
For as the producing one Piece of white, Marble, is fuf- telians, and 
ficient to ſhow, that the Nature of Marble does not — 225 
conſiſt in Blackneſs, ſo it ſhall. ſuffice to bring one In- full of .- 
{tance of a Body which dilates it ſelf when it grows %, _ 
hard, in order to ſhow that Hardneſs does not conſiſt in Fra. 
Condenſation: Thus we ſee that Water is dilated, when 
it is turned into Ice, for the Veſſels which contained it, 
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and juſt held it, cannot then contain it, (1) but are many 
times broken. 

6. I know very well, that it will here be anſwered as 
uſual, that the Veſſels would not be broken, but for fear 
of a Vacuum : That is, becauſe their Sides approach one 
another, that there may not be any Space left between 
their Concave Superficies and the Convex Superficies of 
the Water which is condenſed. But if this were true, 
it would follow, that all the Glaſs Tubes which we uſed 
in the forementioned Experiments, ought alſo to be 
broken, when no Air got into the Place out of which 
the Quickſilver came, which did not come to paſs, as I 
have oftentimes tried, 

7. Add to this, that if Ice were only condenſed Wa- 
ter; to make for Inſtance, a Cubick Foot of Ice, there 
muſt be more than a Cubick Foot of Water, and con- 


iotec, and ſequently a Piece of Ice would weigh more than a Quan- 


wwby it 
im upon 
be Warer. 


. An OCH « 
far Demon. 


ftraiion of 


the ſame 
Toing. 


tity of Water of the fame Dimenſions. From whence 
it follows, according to what has been before demonſtra- 
ted, that Ice ought to ſink to the Bottom of the Water, 
and not ſwim at the Top, as we find it does. 

8. But for the full Conviction of thoſe who ſeem to 
defy all Arguments, and truſt only to what they ſee, let 
them but take a Glaſs of the Shape of an inyerted Cone 
or Pyramid, and aiter having filled it quite full of Wa- 
ter, expoſe it to a great Froſt, that the Water may be- 
come Ice; then if the Glaſs holds but half a Pint, we 


. ſhall ſee the Ice riſe up about the ſixth Part of an Inch 


9. M bot the 
Nature of 


2 card Body 


nia Ins 


above the Mouth of the Glafs, which is (2) a Dilatation 
ſenſible enough not to doubt of the Fact. 

9. This then is a certain Truth, that every Body which 
becomes hard, is not condenſed; and therefore Hardneſs 
does not conſiſt in Condenſation, nor conſequently does 
Liquidneſs conſiſt in Rarefaction; for as Water is dilated 
by freezing, ſo is Ice condenſed by thawing. Having 
thus ſufficiently confuted an Opinion which has been ſo 
long received, and not thinking it worth while, to ſhow 
how little Foundation there is for other Opinions which 


have been received only by a few, I come now to eſta- 


bliſh my own, And firſt I examine the Appearances of 


(7) So great is the Force of free- (2) A Dilatation ſenſible extugb ) 


z ng Water, that not only Bowls Vet it muſt not be diflembled, that 
and Glals Cups, but alſo large Vef- ſomething may pcſlibly be here aſ- 
ſels of B.afs and Silver are broken ciibed to the Contr. ion of the 
oy it. Sec Experim, Accad. del Cim. Glaſs. See the Nutes en Chop. 23. 


P. 72. Art. 36. 


| a hard 
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2 hard and of a liquid Body, and find, that the one con- 
tains it ſelf within its proper Bounds, and the other does 
not : And becauſe to be contained within its proper 
Bounds, is the ſame Thing as not to be moved; I con- 
clude, that to be hard, is to be compoſed of Particles which 
are (1) ſo at reſt among themſelves, that their Connexion and 
Order, is not diſturbed by any Matter that moves between 


(1) So at ret among themſelves) 
Though all hard Bodies have Parts 
in {me meaſure at reſt, and many 
liqu'd Bodies (vr. ſuch as are made 
liquid by Heat) are manifeſtly very 
much agitated ; yet becauſe ſome- 
thing more than the bare Reſt of the 
Parts ſeems requiſite to conſtitute 
Hardneſs ; (for a Heap of very ſmall 
Sand, whoſe Particles are all at reſt, 
is not a haid Body; and becauſe 
Motion does not ſeem always neceſ- 
fary to conſtitute a liquid Body, (for 
ſome liquid Bodies are very cold ; ) 
I think it therefore worth while to 
add ſomething here, to explain this 
Matter more fully. 

Fir then, Let us hear what the 
famous Newton ſys, concerning that 
Force by which-the primary and na- 
tural indiviſible Corpaſcles of which 
the Particles of all Bodies are com- 
poſed, are connected and cohere to- 
gether. 

The Parts of all ho»mogeneal hard 
Bodies which fully touch one anctber, 
flick tozetber ver y ſtrongly Ard for 
explaining how this may be, ſome 
bave invented hooked Atoms, which 
is begging the Queſtion 5 and otbers 
tell ur, that Bodies are glued toget ber 
by Reſt, that is, by an occult Quality 
cr rather by Nothing; and ethers 
that they flick together by conſpiring 
Motions : 1 bad rather infer from 
their Cabæſton, that their Particles 
attract ong ant ber by ſome Force 
which in immediate Contratt is ex- 
ceeding ftrong, at ſmell diftances per- 
forms the Chymical Operations a- 
bovementioned, and reaches not far 
frem the Particles with any ſenſible 
Het. Now if compound Bodies are 
js wery bard, as ave find ſome of them 
to be, and yet are wery porous, and 
cen of Parts which are only laid 
together, the fimple Particles which 
are void of Peres, and were never yet 
divided, muft be much barder. For 
Juch bard Particles being heaped up 
ſogetber, can ſcarce touch one another 
gore ibana few Points, and there» 


them. 
fore nuſt be ſeparable by much leſt 


Force than is requiſite to break a ſlid 
Particle, whoſe Harti touch in all 
toe Space between them, without any 
Pores or Interflices to weaken their 
Cobeſion. And bow ſuch very bard 
Particles which are only laid toge- 


ther, and touch only in a few Points, | 


can flick together, and tbat ſo firmly 
ar they do, without the Aſſiſtance 7. 
ſometbing wwbich cauſes them to be 
attracted or preſſed towards one aro- 
ther, is very difficult to concei e. 
Now the ſmalliſ Particles of Matter, 
may cebere by the from Attrafi- 
ons, and compoſe big ger Particles of 
weaker Virtue ; and many of theſe 
may cobere, and compoſe bigger Par- 
ticles wb'ſe Virtue is till weaker : 
And ſo on, &c. Opticks Ibid. p.364, 

70. 
It is evident therefore, that the 
Particles of which the original and 
ſmalleſt Parts of Matter are compo- 
ſed, ſtick together and ate united, 
not by Reß (which is really norbing 
at all) but by mutual Attraction. 
(See the Notes above on Chap xi. 
Art. 15.) And it is manifeſt, that 
all Bedies, fluid and ſolid are equally 
compcunded of ſuch fort of Particles 
entirely ſolid and perfectiy bard. 
But that which is next to be enqui- 
red into, is, what the Figure and 


Compoſition of the larger Particles 


muſt be, in order that the Bodies 
compoſed ct them, may be bard or 
liquid, 

Secondly therefore. That Body, 


whoſe Particles are ſo fitted to each 


other, as to touch one another in 
large Superficies's, will, by the very 
{ſtrong mutual Attiaction of its Parts, 
be a very bard Body ; and according 
as thoſe Partsafterwards either touch 
one another only, or are moreover 
intangled with each other, will the 
Body be more or leſs brittle, and ca- 
pable of being made liguid by Heat, 
with more or leſs difficulty: As 
Ice, Wax, Glaſs, Metals, Bones, 
Weed, &. Thirdly, 
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them. Whence it follows, that a Body is fo. much the 
harder, as it has more Parts which immediately touch 
each other without moving. 


10. On the other Hand; becauſe, not to contain it 
ſelf within its proper Bounds, is the ſame Thing as to 
move it ſelf; and becauſe We cannot conceive any more 


effectual Cauſe of that Motion which we fee in a liquid 


Body, than the Motion of its inſenſible Parts; J there- 
fore conclude, (1) that Liguidneſs conſiſts in the perpetual 
Agitation of the inſenſible Parts of the liquid Body. Thus 
for Example, when a Glaſs full of Water ſet upon a 
Table is at reſt, though we cannot. perceive. any ſenſible 


Thirdly, That Body whoſe. Parti- 


cles touch one another in leſs Supre - 
Acies, and therefore: are not fo bard, 
may yet be more old; and therefore 
Gold is heavier, than a Diamond, 
though nt ſo bard, 

Fourthly, That Body, whoſe Par- 
ticles, when they are compreſſed, ap- 
proach towards each. other, but do not 
ip under one another, is an elaſ/ick 
Body, and returns to its Figure, by 
that Force which ariſes from the 


mutual Aitraction of its Parts. 


Fiſtbiy, That Body, whoſe Par- 
ticles ſlip under. each other, is a ſœũßt 
Body, which yields to the Stroke of 
a Hammer. 

Srxthly, That Body, whoſe Par- 
tic les touch one another in very /ma/l 
JSuperficies, is a crumbling Body, as 
Snaw, or ſuch whoſe Parts may very 
eaſily be ſ-parated'z 2s t99 well po- 
li fhed Marbles, which ſtick together 
in a Vacuum, but are pulled aſunder 
by the leaſt Shake. 

Seventbly, It the Parts of a Body, 
either do nat touch one another at all, 
or at leaſt will very eaſily ſlip,andate 
of ſuch a Bigneſs, as to be eaſily agi- 
tated by Heat; and the Heat be juf- 


ficient. to agitate. them, tho? perhaps. 


it be much leſs than is required to 
keep Water from freezing ; or if 
they be not.agitated by Motion, but 


Water will riſe in ſmai] Tubes open 
at both Ends in a Facuum. And 
Drops of Liquors hanging upon a 
hard Body, and juſt: ready to fall, 
will gather themſelves into round Fi- 
gures in a Facuum: viz. by ſuch a 
mutual Attraction of their Particles, 
as that by which the poliſbed Mar- 
bler ſtick. together, Further, Theſe 
fluid Bedies, if they have Particles 
which can eaſily be intangled with 
one another, as Oil, or ſuch as may 
be made ſtiff by Cold, and faſtned 
together, as it they had Wedges put 
between them, as Mater, ſuch Bodies 
eaſily grow hard. But if they have 
ſuck fort of Particles, ag can neither 
be intangled with each other, as Air, 
nor made ſtiff by Cold, as Niet. 
fitver, then they cannot by any 
means be made to congeal. 
Figbebly, If the Parts of a Body 
de very (mall, ſpherical, and exceed- 
ing denie, ſuch a Body may alſo be 
finid; and yet be much heavier, tha; 
harder Bodies, whoſe Particles are 
nat ſo ſolid, but which touch one 
another iu larger Superficies. 
Nintbly, Thoſe Bediet, Who 
Particles are agitated + with -a very 
quick Motion all ways, whatever thr 
Figure of them be, will be liquid, 
as Metal that are melted; &c. But 
ſuch” Bodies grow hard, 23 ſoon as 


arg only ſmall, round, ſlippery, of that violent Motion ceaſes. 


ſuch a Figure, and Bigne's, as make 


them very eaſily agitated. and give 
way ;3 that is a. fluid Body, And 


yet the Particles of ſuch ſort of Bo- 


dies which are maß fluid, do in 


ſome meaſure cohere together; as is 
evident from hence, that Quiciſlver 


very well cleared of all Air, will 
ſtand 60 or 70 Inches high in the 


Lay, Thoſe Bodies, ſome of 
whoſe Particles are intangled with 
each other, ſome of which'touch one 
another in large Superficies,and ſome 
are looſe, and will eafily flip under 
each other, theſe are flexile as Lea- 
ther, or very pliant as Twigs, Glue, 
Pitth, &t. | 


(1) That Liquidneſs comſiffs) See 


Barometer (as was ſaid before). And the Notes on the foregoing Artic. 
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Agitation in it, yet notwithſtanding, ſome of its Parts 
are in Motion downwards, and at the ſame time others 
of them are in Motion upwards, ſome of them move 
from the Right to the Left, and others from the Left to 
the Right; in a Word, there are ſome Parts of the 
Water which move in all manner of Determinations ; 
whence it follows, that That Body is the melt liquid, 
whoſe infenſible Parts are the ſmalleſt, and the moſt 
agitated. 
"11. If what I have now ſaid of Liquidneſs, be joined 11. Vat 
to what was before ſaid concerning Hardneſs, we ſhall 5 ap 
eaſily conceive that a /oft Body, which ſeems to be of a Body con- 
middle Nature betwixt a hard and a liquid Body, and to n in. 
partake of them both, is therefore loft, becauſe it is com- 
poſed of two Sorts of Parts, the one in ſome meaſure at 
reſt, and connected with each other, while the other are 
in Motion, and thereby cauſe ſome ſmall Agitation in the 
former. 

12. Now that which confirms me in my Opinion con- 12. Why a 
cerning the Nature of hard and liquid Bodies, is, that 1 


chief Properties of them are neceſſarily deduced from _—_— 


thence.” And Firſt, Suppoſe the Nature of a hard Body 
to conſiſt in what 1 have ſaid, it follows from thence, 
that it muſt be with difficulty divided :. F or, for Inſtance, 
if T put my Finger to any of its Parts, I ought to feel 
the Reſiſtance, not only of thoſe Parts hich I touch, 
but alſo of all thoſe Parts which are behind them ; and 
many times it is much eaſier to move the whole hard Bo- 
dy, than to ſeparate one Part from it, becauſe the reſt of 
the Body has a ſtronger Connection with, and is more at 
reſt, with reſpect to this Part, than the neighbouring 
Bodies have with the whole Body. i 

13. On the contrary, ſuppoſe the Nature of a liquid 13. % a 
Body to conſiſt in what I have faid, it follows from thence . 
that a Liquid muft be very ea ſily divided. And indeed if 3 22 
[ put my Finger to it any way, it meets with no Re- 
ſtance ; for thoſe few inſenſible Parts which my Finger 
touch, being in Motion already, are very ready to quit. 
their Place; ; neither are they ſupported, or hindred by 
the Reſiſtance of thoſe which are beyond, which are alſo 
in continual Motion, and therefore eaſily yield to bene 
and open a Paſſage for them all ways. 

14. What I have advanced concerning the Nature of 73. 22 4 
a hard and of a liquid Body, is ſtill further confirmed from arepreſerved 
hence, that all the Conſequences that can be drawn from — 
it, help to explain ſome Experiment, which perhaps it, "9 

would bord Body, 
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would be impoſſible to explain without it. And firſt, if 
we conſider that ſome Bodies are caſfily altered, only by 
diſturbing the Order of their Parts, and that every Thing 
endeavours as much as it can to continue in that State in 
which it is, and conſequently that which is once at reſt, 
will never begin of it ſelf to move; it will not be diffi- 
ult to find out a very eaſy way to preſerve a hard Body 
a very long time, viz. by incloſing it in another hard Body; 
whoſe Parts being at reſt among themſelves, can make 
no Impreſſion upon it, and are moreover a Guard upon 
it, againſt the Aſſault of any external Cauſes which might 
tend to corrupt it. And thus we ſee that Salt, Sugar, 
and Metals, are preſerved by being thus incloſed in hard 
Bodies. | 
15. On the other hand, it is eaſy to foreſee, that the 
contrary ought to happen, hard Bodies be put into Li- 
quids : For the Parts of Liquors being (1) in continual 
Agitation, they may eaſily ſo ſhake and move the Parts of 
hard Bodies, as to force them out of their Places, and 
carry them along with them. And thus we find it by 
Experience, in all hard Bodies that can be altered, as in 
Sugar and Salts, which are diſſipated and ſink to the 
Bottom of the Water almoſt in a Moment; inſomuch, 
that if we throw a Pound of Sugar into a great Tub of 
Water, it will intirely diſappear in a ſhort time; and the 
Parts of it, (2) will alſo be ſo diſſipated, and ſpread a- 
mongſt all the Drops of Water, that there will not be 
one of them but what is impregnated with it. 
16. And ſince hard Bodies may be compoſed of Parts 
of different Bigneſſes, as well as liquid Bodies, it is eaſy to 
conceive, that there may be ſuch a Liquor as will car- 


(1) In continual Agitation) See 


get as far aſunder, as the Quantity 
the Notes upon Art. 9. 


of Water in which they float, will 


(2) Will alſo be diſſi pated) The 
illuſtrious Newton thus expreſſes 
himſelf upon this Subject in his 
Opticks, p- 362. If a wery ſmall 
Quantity of any Salt er Vitriol be 
drjjolved in a great Yuantity of Wa- 
ter; the Particler- of the Salt or 
Vitriol cuil not fink to the Bottom, 
though they bᷣe beavier in Specie than 
the Water, but will evinly diffuſe 
themſeiyer into all the Water, jo as 
to rake it as ſaline at the Top as at 
tbe Bottom. And daes not this imply, 
that the Parts of the Salt or V- 
trial recede from one anetber, and 
ende, to expand themſelves, and 


alla? And does not thi: Endeavour 
imply, that they bave a repuljive 
Force by which they fly from one ano- 
ther, or at leaſt, that they attract 
the Water ( See the Notes on Chap. 
Xi.) more ftrongly than they do one 
another Fer all Ming. 2 in 
Water, which are left attracted than 
Water by tbe gravitating Petuer of 
the Earth ; ſo all the Particles of 
Salt which float in Water, and are 
leſs attractad than Water by any one 
Particle of Salt, muſt recede from 
that Particle, and give way to the 
more attrafied Water. 


„ WH 
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ry away with it only ſome certain Parts of a hard Body, 
and that others will not be diſplaced by it. Thus Water will 
only waſh off the fineſt Parts of Liquoriſh, and leave the 


groſſer ones at reſt with each other. | 


17. It may alſo ſo happen in hard Bodies, that the Parts 15. of the 
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ef them which are pretty near equal, may yet be ſo ſolid ; difolving 


and on the contrary, all the Parts of a certain Liquor 
may be ſo ſmall, that the Parts of the hard Body will 
not be at all moved by them, as they would be by the 
groſſer Parts of another Liquor; which doubtleſs is the 
Reaſon why common Water, will not diſſolve Silver, and 
why Aqua Fortin which the Chym/ts call Spirit of Nitre 
(1) will eaſily diffolve it, but is too weak to diffolve Gold. 


Power of 
Aqua fottis. 


18. However, it is not only the Groſſneſs of the Parts 18. Wiy 


of any Liquid, which renders it capable of ſeparating the 


Parts of a hard Body, do alſo contribute towards it : For 
they may be of ſuch a Figure, and alſo ſo ſmall, that the 
Parts of the Liquid cannot penetrate them; from whence 
we may conclude, that the Parts of the Salts of which 
Aqua regia is made, are put together in ſuch a manner, 
as to compoſe Bodies (2) too groſs to enter the Pores of 
Silver, and ſo only ſliding by them, they can neither go 
in, nor divide the Parts : Wherefore it is not to be won- 
dred at, if this Water will not diſſolve Silver, though it 
diſſolves Gold. | 
19. It 


Aqua regia 
i d ii 
Parts of a hard Body; the Pores which are between the — 


r I NES, ll e ̃§—9Üꝗõj oe 


(1) Will eafily diffolve it) Con- 
terning the diſſolving of Metals the 
ſame celebrated Perſon ſays thus, 
When Aqua Fortis, or Spirit of 
Vitricl poured upon Filings of Tron, 
diffebves the Filings with a preat 
Heat and Ebullition, it nt tb Heat 
and Ebullition' effefted by a violent 
Motion of the Parts, and does not 
that Motion argue, that the acid 
Parts of the Liquor ruſh twards the 
Parts of the Metal witb violence, and 
run forcibly into its Pores, till they 
ter between its utmoſt Particles, and 
the main Maſs of the Metal, and 
ſarrounding tbeſe Particles, looſen 
them from the main Maſs and ſet 
them at liberty to float off int» the 
Water ? And when the acid Par- 
ticles, which alone would diftil with 
an eaſy Heat, will not ſeparate from 
the Particles of the Metals, woithbout 
a very violent Heat, does nit this” con 
firm the Attraction between them 
Opticks, p. 352» Now this ſame 


Aqua fortis which eaſily difſolves 
Iron or Silver, will not d flolve Cd 
at al; the Reaſon of which is, be- 
c:uſe 'its Particies, which are more 
ftrongly attracted by the Particles of 
Tron or Silver than by one another, 
are on the other hand more ſtrangly 
attracted by one another than by the 
Particles of Gold. The contrary to 
which we are to underſtand of that 
Force by which Gold is diſſolved in 
Aqua regia. | 

(2) 10% groſs to enter) My. Clerc 
in bit Phyſicks, Book II. Cap. iv. 
Se. 24- contends on the contrary, 
that the Parts of Aqua regia, are 


ſharper and ſmaller than thoſe of 


Aqua fortis, and therefore can enter 
the very ſmall Pores of Gold only, and 
ſeparate its Parts, which like Wedges 
« drive from one another, whilſt 
the groſſer ones move about the Sa- 
preficies of the Gold to no" purpoſe, 
they not being able to diſſolve the con. 
tinuity of it; becauſe they cannot en- 


ter 
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19. Tbe Me. 19. It is from the Conſideration of the different Pro- 
er perties of the ſeveral Sorts of Aqua forts, that the Refi- 
2 Swag ners of Gold have lately found out a way of ſeparating 
Gold from Silver mixed with it: The whole Secret of which 

' conſiſts in putting the Maſs compoſed of Gold and Sil- 

der into Agua fortis, which will diſſolve the Silver only; 

for then its Parts will be brought out by thoſe of the 

Liquid, till the pure Gold will remain like Sand or Dregs 

at the Bottom of the Veſſel ; fo that by inclining it Fen: 

ly, and pouring the Aqua fortis into another Veſſel, it 

will carry the Silver along with it, and leave the Gold 

at the Bottom: After this, they ſeparate the Silver from 

the Aqua Fortis in the following manner; they put a 
Quantity of common Water to the Aqua fortis, to make 

it leſs corroſive, and then put in a Piece of Copper, againſt 

which the Particles of Silber brought out by the Liquid 

ſtriking, they are ſtopped by it; in the ſame manner as 

Duſt flying about the Room is ſtopped by the Hangings 

or any other Furniture which is ſoft, 'or as a Stone ſticks, 

when it is caſt into a Mortar. The Gold and the Silver 

being thus ſeparated from one another in Duſt, may each 

of them be melted in a Crucible, and then made diſtinct 

Maſſes of. Wo 

20. Whythe 20. It may here be asked, why the ſmall Particles of 
" wt egy Salts and Metals; fwim thus in all the Parts of common 
x roma Water or Aqua fortis indifferently, and whence it is, that 


beavier than they do not ſink to the Bottom of the Veſſels ? For this 
Water, do 
not fink in ter its Poren. And again, Sect. 28. 


ſays, he does not cor ſitm by any 
it, He ſays, That from the Mixture of 


Arguments or Reaſons, unleſs it be 


many Salts, the Parts of the Aqua 
regia become ſmaller, and more fitted 
to enter the ſmalleſt Pores, and ſepa- 
rate the ſmalleſt Parts, bet een which 
they are driven like Wedges, by the 
Mot ion of the Liguid in ⁊ubicb they 


ſwim ; but when they enter into wider 


Pores, they bave no Effet ; in the 


ſame manner as the Force of Wedges 


ro ſeparate Things joined together, is 
nothing unleſs they, be driven into 


ſtreight Fiſjures.' Since therefore the 


Paret of Gold are the ſmalleſt of any 
Metal, they will admit the Parti. 
cles of Aqua regia only, and the groſ- 


fer Parts of Aqua fortis cannot enter 
into them; Now the ſame Parts of 


Aqua regia are too ſubtle to have 
Strength enough to remove the Sides 
of the Pores of other Metals; for 
ebey want the grofſer Parts of Aqua 
fortis which fill and divide the larger 
Gorcis Thus far he; but What he 


this, that Sil ver ſeems to have larger 
Pores than Gold, becauſe it is lighter; 
but from the kgown Properties of 
Silver, its hardneſs, ſmoothneſs; Cc. 
we may with much greater Proba- 
bility collect, that it conſiſts of ſmal- 
ler Particles, and therefore has ſmal- 
ler Pores, though more of them; 
But thatGold on the con- 
trary, conſiſts of * lar- * See Patt 
ger Particles or Lumps, III. Chap. 
and ſo has larger Pores, vi. Att. 13. 
but much fewer. Ard 

as to the Nature of the Liquids, | 
ſhould think, that the Parts of the 
Agua regia, would become not 
ſmaller, but larger by the Mixture 
of many Salts. But all this depends, 
as was ſaid before, not ſo much up- 
on the Bigneſs and Figure of the 
Pores, as upon the different Attracti- 
on of the P arts. 


| ſhould 
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ſhould ſeem to follow from what was before demonſtra- 
ted concerning hard Bodies ſwimming in Liquids, becauſe 
every Particle of Salt or Metal is heavier than an equal 
Maſs of the Liquid in which it ſwims. However, it is 
to be obſerved, that when we reaſoned in that manner, 
we conſidered only the Gravity of the hard Body, and the 
zaſineſs of the Liquid to be divided; we did not then know 
of the (1) Motion of the Particles of the Liquid, by which 
they carry up with them as many Particles of Salt or Me- 
tal, as would deſcend by their own Weight; in the fame 
manner as the Bubbling up of new Wine, makes other 
Bodies which are heavier, ſwim, and not fink to the Bot- 
tom of the Tub; where we ſee that they do at laſt ſub- 
ſide and compoſe the Lees, When this Motion, which is 
greater than the ordinary Motion of the Liquid, ceaſes. 
To which may be added, that the Particles of the diſ- 
ſolved Body are in ſome mieaſure intangled with thoſe of 
the Liquid, which they go along with; which ſhows us 
more particularly that this hinders them from being able 
to fink. pie | oh 
21. And that which is remarkable here, is, that as the 27. Thar # 
Particles of the Liquid are finite, and the Force by 7am” 
which they are agitated is limited; it muſt neceffarily fol- Na 
low, that when they have once laid hold of as many Par- difetve only 
ticles as they can contain, they cannot after that ſeparate „, p 
any more, nor overcome the Reſiſtance of the remaining — - | 
Particles which are at teft ; wherefore the hard Body will 
be no farther diſſolved. And thus we find. by Experi- 
ence, in common Water and Agua forts, that they will 
diſſolve but a certain determinate Quantity of Salts or 
Metals. Thus, for Example, if, after à Pint of common 
Water has diſſolved a certain Quantity of Salt, one Grain 
only be put in, it will continue whole in the Water, as 
it would do in a dry Place. r 5 
22. And from hence it follows, that if after a Liquid 22. Hoxw the 


has ſeparated all that it can from a hard Body, it be eva- Oel- 


wt 1dr ; he 
porated to a certain Quantity; that which remains will — is 


not be able to contain all the Particles of the dillolved made, 
Body, Wherefore many of them will be forced to unite 
together, and to compoſe ' ſomething ſenſible * And thus 
it is, that if Water be boiled, having firſt been ſtrain- 
ed like Lye, through Earth charged with Nitre as 
much as it can be, and then taken off from the Fire, 


(1) The Motion of Particles) Not by their Motion, but by theis Attracti- 
on. Set above en Art. 15. 


and 
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and permitted to ſettle a little, a great many Particles of 
the Salt- peter which are diſingaged from the Particles of 
the Water, will ceaſe to move, and ſtriking many of 
them together againſt the Concave Sides of the Veſſel, 
will at laſt compoſe (1) thoſe curious Bodies in the Form 
of Hexagons, which wie ſee ſtick there. And in the ſame 
manner we may apprehend, how all the other Chriſtali- 
zations of the Chymiſts are made. | 
23. Though a certain Quantity of any Liquid, will diſ- 
rs % 51% folve but a determinate Quantity of a certain hard Boch, 
not diſſolve yet this does not hinder, but that other hard Bodies may 
ene certain he diſſolved by the fame Liquid; becauſe their Particles 
— may be of ſuch a Figure, as to ſuit with the Particles oi 
yer diſſolve the Body already diflolved, in ſuch a manner, as may oc- 
2 Body of caſion more diflimilar Particles, to move with greater 
5 Eaſe, than the ſimilar Ones could move. And thus Ex- 
perience ſhows us, that after Water has diſſolved as much 
Salt as it can, it will yet diſſolve a ſmall Quantity of Vi- 
triol or Alum. 

Jo 24. If a Body be put into a Liquor, to whoſe Parti- 
— ec cles it will more eaſily unite itſelf, than to thoſe of ano- 
cbynißi is ther Body which it had before diſſolved ; and ſuppoſing alſo 
made, that it cannot comprehend theſe two Sorts of Particles 

together (2) it muſt be forced to let go the Particles which 
it had before embraced, which will conſequently ſubſide 
to the Bottom of the Veſſel, Thus if a little of that diſ- 
ſolved Salt, which Chymiſts call Oil sf Tartar, be poured 
upon Agua fortis which before had diſſolved Silver, the 
Metal will be forced to ſubſide to the Bottom of the 
Veſſel. And this Inſtance ſhows us the Reaſon of all the 
Precipitates of the Chymifts. 


21. That the 


24+. Hoco the 


(1) Thoſe curious Bodies) Concern» 
ing which the admirable Perſon be- 
fore cited, ſays thus, When any ſaline 
Liguor is evaporated to a Cuticle, and 
let cool, the Salt concretes into regular 
Figures; which argues, that the Par- 
ticles of tho Salt before they concreted, 
floated in the Liguor at equal Diſtan- 


ces in Rank and File, and by cen- 
ſequence, that they ated upon one a- 


not ber by ſome Power, which at equal 
Diſtances is equal, at unequal Diſtan- 
cet unequal. For by ſuch a Power 
they will range tbemſelvei uniformly, 
and witbout it, they will float irre- 
gularly, and come tog et ber irregularly , 


Optick $, pP · 363. 


= | 
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(2) It muſt be forced to let go) If 
ſuch a Body be put into tuch a Sort 
of Liquor, that the Particles of the 
Liquor will be more ſtrongly at- 
tracted by the Particles of this Body, 
than by the Particles of that Body 
which was diſſolved in it before, the 
Particles of the Liquor being by this 
ſtronger Attraction removed from 
the firſt Body to this other, will fuf- 
fer the Part.cies of the firſt Bedy to 
ſink to the Bottom, in the ſame 
manner as Iron is ſeparated from a 
Loadſtone, by putting a ſtronger 
Loadſtene to it, 


25. We 
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25. We muſt not here omit another Circumſtance 
very conſiderable, and that is, that the Particles of two 
Liquors may be of ſuch a Bigneſs and Figure, as to in- 
tangle one another when they meet together, and ſo move 
with more difficulty ; whence it follows, that they will 
compoſe One Body which is not fo liquid : So likewiſe, if 
the Particles of the two Liquors adjuſt themſelves to each 
other, ſo that the greateſt Part of them. are hindred from 
moving, then all the Particles together will form a Body 
pretty hard, Thus we ſee, that if an equal Quantity of 
Spirits of Wine and Spirits of Urine, each of which Li- 
quors are very fluid, be mixed together, they will unite 
into a pretty hard Body. 

26. We may add to what has been faid about the Mix- 
ture of different Liquors, that there may be found one, which 
is compoſed of ſuch fort of Particles, that ſome of them 
being much larger than others, they cannot continue their 
Motion, but by means of the ſmaller ones ; ſo that if 
theſe be any way diſingaged, the Weight of the other 
alone, or the Irregularity of their Figure, will make them 
continue at reſt with each other, and according as they 
are more or leſs cloſely united together, they will compoſe 
a Body more or leſs hard : And this is the Reaſon why ſome 
of the Particles of Milk or Blood curdle, while others 
which are more proper to continue their Motion, being 
diſingaged from theſe, compoſe a Serum, which remains 
1 And this is alſo the Reaſon why, in ſubterraneous 

aves, Which they call dropping Caves, certain liquid Drops 
which diſtill from the Roofs harden into Stone, after they 
have been a little while in the open Air, 

27. Having ſufficiently ſhown by theſe Experiments, 
that the Particles of liquid Bodies are in continual Agita- 
tion, we are to enquire next, what the efficient Cauſe of 
this Motion is, firſt, in Water and other ſuch like Li- 
quids, which ſeldom grow hard, but more particularly 
in Air, which never hardens, but always remains li- 
quid, Wherefore in the firſt Place it is reaſonable to 
think, that the * Figures of the Particles of Liquids are 
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25. How 
two Liquors 
mixed to- 
gether, may 
compoſe one 


bard Body. 


26. How 4 
bard Body 
may ariſe out 
of a liquid 
one only, 


27. Of the 
Cauſes of 
Liguidne fs 


* For if 


. . their Figure 
not altered, ſo long as we cannot perceive any kind of Al- —_— 


teration in them : But further, becauſe they cannot move nually alter- 
with regard to each other, as they ought to do, to com- © there 


poſe a Liquid, without leaving a great many Interſtices 
round them ; which there being (1) no Reaſon to think 


empty, they muſt neceſſarily be ſurrounded by ſome Mat- 


(1) No reaſon to think empty) See the Notes on Chap. viii. Art. a. 
Voi. I. K ter 


would be no 


need of ſubtil 
Matter to 
fill up their 
Interſtices. 
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ter which is very ſubtle, ſuch as that which we before 
called the Firſt or Second Element. And as the Particles 
of hard Bodies diſſolved in any Liquid, are kept in Mo- 
tion by the Particles of this Liquid ; ſo we ought to think, 
that the Particles of Water, and of all Bodies which do 
not congeal, but always remain liquid, are in perpetual 
Agitation, becauſe they ſwim in the Matter of the Firſt 
and Second Element. 

28. If this Matter be very much agitated, it is eaſy to 
conceive, that it may move the Particles of the Liquid 
in ſuch a manner, as to diſhpate them from each other, 
and make them fly into the Air, and this is called Eva- 
poration, 

29. On the other hand, if this Motion be very faint, or 
if it be more than ordinarily ſubtil, it will follow, that 
it will not be capable of preſerving the Liquidneſs of ſome 
groſſer Bodies; in the ſame manner as we ſee the Water 
running amongſt Bulruſhes, keeps them in Motion, and 
diſtinct from each other, whereas in the Air, they are 
confuſed and mixed together, without any Motion; (1) 
and thus the Water is frozen in Winter, and turned into 
Ice. But we cannot ſhow a Reaſon why this happens at one 
Time of the Year, rather than at another, till we come 
to know ſomething more of the Syſtem of the World, 

30. If the Diſpoſition of the Particles of a Body be 
ſuch, as to leave Pores between them large enough to re- 
ceive the groſſer Matter of the Firſt and Second Elements, 
this Matter may ſhake the Particles a little, before it quite 
ſeparates them, and moves them from each other, and 
conſequently the Body ought to grow ſoft, before 1t becomes 
liquid, as we lee Max does. 

31. But if the Pores of a hard Body are ſo ſmall, that 
only the moſt ſubtil Matter of all can paſs through them, 
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28. Hero Li- 
guar! ee 
vapor ated. 


29. How 
they are 


congealed, 


30 Why 
me Bodies 
grow ſoft 
before they 
become li- 


guid, 


21, Why 0- 
ther Bodies 
become liquid. g x | a 

withzue in this Caſe, that which is more groſs, and which is alone 


growing ſoft. able to ſhake thoſe Particles which make the leaſt Re- 
ſiſtance to it, can only apply it ſelf to the Superficies of 
the Body; whence it follows, that it will have diſſolved 


e „ 


(1) And thus the Water) Since nei- 
ther the Force it freezes with, is 
always proportion'd to the Cold, but 
ſeems to have lome Dependance up- 
on other Changes in the Heavens ; 
nor is the Cold, unleſs ſo far as it is 
merely comparative (See the Notes 
enn Chap. xxiii. Art. 54) owing to 
the Particles being at Reſt ; nor tan 
Hardneſs it ſelf (See the Notes on 


Art, g. of this Chap.) ariſe from the 
mere Reſt of the Particles: Con- 
gealing muſt neceflari y be aſcribed 
either to nitrous Particles ; or to the 
Particles of ſome other Salts, which 
like Wedges fixed between the Par- 
ticles of Water, join them together 
and make them cohere: Flowever 
there is hitherto nothing certain found 
out concerning theſe Particles: 
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all the external Parts of the Body, before it makes ,any 
Alteration within it. And ſo ſuch a Body will be entire- 
ly diſſolued without being made ſoft, as we we find Ice 


does 

32. It is not at all ſurprizing, that Water, 
quid, ſhould ſoften a great many hard Bodies which it pe- 
netrates and diſſolves, and that, when it is mixed with of Paris. 


Plaiſter of Paris, for Example, there ſhould ariſe a Com- 

poſition pretty liquid: But it is very ſurprizing, that af- 

terwards it ſhould acquire a Hardneſs which it would ne- 

ver have had without mixing Water with it, which one 

would think, ſhould rather help to ſoften, than to harden it. 

Nor can we think, that this ariſes from a ſudden Evapo- 

ration of the Parts of the Water; for if it be weighed 

when it is liquid, and weighed again when it is grown hard, 

we cannot perceive that it has loſt any of its Weight. My 
Opinion concerning the Matter is this ; that the Fire has 
formed a great many Pores in the Plaiſter, of ſuch a Big- 
neſs, as the groſſer Particles of the Air cannot penetrate, 

becauſe they are not ſolid enough to remove the Obſta- 
cles they meet with, which the Particles of the Water, 
which are more ſolid and penetrating, are able to do. 

Wherefore, when the Plaiſter is moiſtned with, or put 
into ſuch a Quantity of Water only, as is ſufficient to 
ſurround every Grain or Lump of it; and after that they 
come to be ſtirred up together, then the Particles of the 
Water which force themſelves into the Pores, like ſo 
many ſmall Wedges opening and ſplitting them, divide 
theſe Grains into till ſmaller Parcels. And becauſe theſe 
Parcels have a larger Surface than the Grains had before, 
of which they are but the Duſt, it is more than the Wa- 
ter is able to ſurround, Inſomuch, that the greateſt part 
of them touching one another cloſe, and continuing: at 
reſt, it is no wonder (1) if they compoſe a hard Body. 

2 


Vor. I. 


The true Cauſe why ſome Bo- 
dies grow ſoft before they melt, and 


others not, ſeems to be this; that 


th : Bodies which grow ſoft, are 
compoſed of diflimilar Parts, ſome 
of which melt ſooner than thoſe they 
are mixed with. 

(1) If they compoſe a hard Body) 
Mr. Le Clerc attacks our Author here 
with three Arguments in his Phy ſicks, 
Book V. Chap. xiv. Se. 25. Firſt, 
lays he, This Anſwer does nt agree 
with a Maſs made up of Meal and 
Water lntaded together, and baked ; 


33. From 


and other ſuch like Things that might 
be inflanced in, But can any Thing 
be more evident, than that the Eva- 
poration of the Water produces the 
ſame Effect in Bread, as the Diſſolu - 
tions of the Lumps in Plaiſtef of 
Paris ? For though not ail, yet cer- 
tainly ſome of the Water is diſſol- 
vid into Vapours, in proportion t2 
the Heat , wherefore the external 
Part of the Bread is much harder than 
the Internal. Secondly, He ſays, He 
does not ſpow why the Particles of Wa- 


ter ſa divided touch one another cloſe, 
Luz 


which is li- 32: How 
dens Plaiſter 
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33+ That 23. From hence we draw this Conſequence, that if 
— of the Plaiſter be put into ſuch a Quantity of Water as is 
Water bin. ſufficient to ſurround all the ſmall Particles which the 
der: che Pla- Lumps are divided into, they will be hindred from reſt- 
2822 ing, and ſo the Plaiſter will not grow hard at all; and 
bard. thus the Maſons find it by Experience, and this is 

what they mean, when they ſay their Plaiſter is 
drmwned, 
34. Why 34. Notwithſtanding this, it is not to be wondered at, if 
Water does there be ſome Bodies which the Water will divide, and yet 
1 not at all help to unite and harden their Parts into one 


Maſs, as it does thoſe of Plaiſter of Paris; for the Par- 
ticles of theſe Bodies may be of ſuch a Figure, as ſcarce 
to touch one another at all, and ſo cannot unite together 
to compoſe one Whole: To which it may be further ad- 
ded, that the Water has ſo quick a Motion within ſome 
Bodies, that it diſperſes very much the diſunited Par- 
ticles; and by this means the Pores and Intervals, which 
are between them, become ſo large, that the Air has 
Power to get in, and hinder ſuch Particles from touching 
one another. And this is the Reaſon why Lime, which 
is divided by Water, does not however become hard like 
Plaiſter of Paris: For if a Piece of Lime, which has been 
wetted with a little Water, be divided without meddling 


But he does expressly ſhow this in if the Parts of the Plaiſter muſt be 


E 3 # 


theſe Werds. And becauſe theſe Par- 
ticles bawe a larger Surface than ihe 
Grains had vrfore, of which they are 
but the Dt, it 1s more than the 
Water is able te ſurround; Inſe- 
much that the greateſt Part of them 
touching one anither cleſe, &c What 
could h-ve been ſaid more expreſs ? 
But (I fuppole) this learned Geatle- 
man, When he trantlated th's Pace 
into Latin, being not very attentive, 
overiook'd the connective Pericle, 
tellement que. Ttirdly, He fays, 
That he ſuppiſes Hardneſs to ariſe 
from immediate Contact and Reſt, 
ewhich we have before confuted. Con- 
cerning. this, See the Notes on Art. 
the gth of this Chap. Having thus 
confuted the Opinion of our Author, 
the learincd G:ntleman conjectures, 
«© That the Particles of Water aui 
«« difſclve the grofſer Lumps of the 
«4 Piaiſter, are fo fixed inte the teſ. 
«4 ſer Particles, as, like Wedges to 
Join many f them teget ber, and ſo 
«+ compoſe g more ſolid Maſe,” Eut 


kept together by Wedges, it ſeems 
much mare probable, that the burnt 
Parts (for the Plaiſter is made of 
Stone ha!f burnt) growing a little 
hot, by the Water being poured on 
it, draw the volatile Salts out of the 
Parts which ate not burnt, which 
Particles of the Salts being fixed in 
the Pores of the Plaiſter, keep its 
Parts together: For the ſtiff Particles 
of Salt, ſeem much more proper to 
pertorm the Office of Wedges, than 
the I'mber and flexible Parts of Wa- 
ter- But indeed, Plaiſter of Paris, 
(lay, and fuch kind of Bodies, do 
therefore grow hard in th's manner, 
bec- uſe the Water in evaporating, ſo 
attr-E&ts theit Parts to each other, 
wh ch before dd not touch one ano- 
ther, that atterwards touching one 
another in Jarger Superficies, they 
cohere toge her by that mutual At- 
traction, which depends upon imme- 
diate Contact. See the Netes on Art. 
the gth of this Chap. 


with 
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with it, the Duſt into which it diſſolves it ſelf, is of two 
or three times as much Bulk as it was before. 

35. When the Water penetrates the Pores of certain 35: _— the 
Bodies which it cannot entirely divide; it is evident, that 2 Ff 2. 
it will ſtop for ſome time; becauſe it muſt loſe its Mo- Secend Ele- 
tion, by ſtriking againſt the Particles which it touches: Pop in th ny 
But it is otherwiſe with the Matter of the Firſt and Second — of bard 
Element, when it paſſes through the Pores of hard Bo- Bodies. 
dies: For as theſe Pores, as ſmall as they are, are formed 
by its continual paſſing through them, ſo it leaves them 
big enough always to find a Paſſage through, without ever 
being ſtopped. 

36. However, it is to be obſerved, that by bending a 3% bad 
hard Body, ſuch, for Example, as the Blade of a Sword, — 
the Particles will be made to expand themſelves on the ter of ebe Se- 
Convex Side, and to contract themſelves on the Concave d Element 
Side, ſo that its Pores will become ſmaller and ſtreighter — very 
on this Side; but this ought not to hinder the Matter off ſmall Pores 
the Firſt or Second Element from entring in, becauſe t te % 
being very fine, and moving very quick, it ought rather 
to alter its own Figure and become longer, or to wear in 
pieces the Matter which ſtreightens it, than to be hin- 
dred in its Paſſage; and ſo the Pores will not be ſtopped 
up by it. 

5 But becauſe the ſubtil Matter which paſſes through 775 What 
the Pores which are ſo very ſmall, cannot endeavour to wen 
wear the Particles of the hard Body through which it back con 
paſſes, but it muſt at the ſame time endeavour to reſtore '» 
the ſame Particles to the State they were in before the 
Body was bent ; it follows, that this ought to make the 
Body grow ſtreight again. And thus we experience the 
Property which is called Stiffneſs, and which Workmen 
call (1) the Power of Springing. 

38. However, this Property ought not to be found in 38. My ie 
all Sorts of hard Bodies indifferently ; becauſe there are , 2 
ſome, whoſe Pores are ſo large, that though they be pagies. 


{treightened by bending the Bodies, yet they will be {till 


1) The Power of Springing) Since 
this ſubtil Matter, as was betore pro- 
ved, is only fictitious, it is much 
more probable, that if a Body be 
compounded of ſuch Sort of Particles, 
that it be compact, and bend: or yields 
inward to Preſſion without any ſli- 
ding of its Parts, it is hard and elaſ- 
tick, returning to its Figure with a 
Force ariſing from the mutual Attrac- 
£:6n it. Part: Newt. Opt. Þ- 370» 


But if the Parts of the Body lp 
under one another, then the Body is 
of that Sort, which will yield to the 
Stroke of a Hammer; But con- 
cerning the Laws of the Communi-- 
cation of Moticn, in ſuch Bodies as 
have a Power of ſpringing back, or 
are Elaftich, as they call it, when 
they meet others, with certain Forces. 
See the Netes en Chap. xi. Art. 6. 
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wide enough to give a free Paſſage to the ſubtil Matter. 
Thus we can perceive by our Senſes, that the Parts of Steel 
which 1s not NN are larger, and conſequently the 
Pores wider, than thoſe of tempered Steel; whence it is 
eaſy to apprehend that the Pores may be ſtreightned, with- 
out hindring a free Paſſage of the ſubtil Matter through 
them; whence it follows, that when it is bent, it will not 
ſpring back again 

39. Now to ſhow, that the Power of Springing conſiſts 
intirely in the ſma lneſs of the Pores of a hard Body let 


flick, by berg us conſider, that if a Plate of untempered Steel, be beaten 


beaten, when 


4 11 5 


upon an Anvil when it is cold, it will acquire a Power 
of Springing which it had not before. But it is manifeſt, 
that this Beating does nothing elſe but make the Parts ap- 
proach nearer one another, and by this Means ſtreightens 
the Pores : whence it follows, that herein conſiſts this 
Power. 


40 Hrwthis 40. It may further be obſerved, that if a Spring be held 
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bent a long time, without being allowed to recover it 
ſelf, the . Matter will be forced to alter its Figure 
by growing longer, if it be not able to wear in pieces the 
Matter of the hard Body: or if it be, the Pores will grow 
bigger and bigger, ſo as that the Matter of the Firſt and 
Second Element may paſs freely through them; and this 
s the Reaſon why the Body ought to loſe the Power of 
recovering it ſelf, in proportion as 1t is capable of being 
worn; which agrees with Experience. 

41. The Force with which a Body unbends it ſelf, de- 
pends partly upon the 8tvrftneſs of the Motion of the ſubtil 
Matter, and partly upon the great Number of Pores through 
which it paſſes at a time But it depends chiefly upon 
the Diſpaſition of theſe Pores os they become inſenfubly ſtreighter 
and firexghter. For by this means, that which gets into 
them ought to have the ſame Force, and to produce the 
ſame Effect, as a Body which paſſes between two others 
whoſe Superfici ies are almoſt parallel, Now according to 
the Laws of Mechanicks, though the Body which thus 
paſſes between two others be very ſmall, and moves but 
flowly, it will notwithſtanding, have an incredible Force 
to ſeparate thoſe two from each other. 

42. When the ſubtil Matter begins to remove the 
Parts of the Body which are in its way, it has their whole 


Refiſtance to overcome 2, and alſo ſome of the Reſiſtance 
of the 1 ng Bodies: Now becauſe every Thing 
it ſelf to continue in that State in which 1“ 
Bodies winch have received a 
certain 
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certain Motion, continue of themſelves in that Motion; 
this ſubtil Matter cannot continue to impell them, but it 
muſt increaſe their Motion; and it may ſo happen, that 
by its impelling and moving them in this manner, it may 
{ far divide the Particles of the Body, through which it 
paſſes, from each other, as entirely to ſeparate and break 
them ; eſpecially if the Body be brittle. 

Now in order to underſtand how it is, that ſome 43. Mar 
Bodies will bend without breaking, and that on the con- “ Linder: 
trary, others will very eaſily break : it is to be obſerved, la 2 : 
that the Texture of ſome may be ſuch, that their Par- Bech config, 
ticles may be intermixed with each other, like the Rings 
of a Chain, or the Threads of which a Cord is compo- 
ſed, Now it is eaſy to conceive, that theſe Bodies may 
be wound ſeveral times round without breaking, becauſe 
their Particles are ſo hooked together, that they may be 
bent any way. On the other hand, there may be Bodies 
which are not of ſuch a complicated Texture, which are 
hard only, becauſe their Particles touch one another in a 
few Places: Whence it follows, that one cannot ſe- 

arate them ever fo little, but their whole Continui 
will be deſtroyed ; and theſe are what we call brittle 
Bodies. | 

44. Leather may ſerve for an Inſtance of a limber Bo- 44. Why the 
dy, that is, of a Body that will bend without breaking ; 8 1 
and Glaſs, on the other hand, for an Inſtance of a brittle Ihe Body 
Body; that is, one that will break before it will bend: eats, is 
And there will be no doubt, but that the Limberneſs of „, **- 
the one, and the Brittleneſs of the other, conſiſts in what — of a 
have ſaid; if we conſider the Place where a Piece of brite Boay 
dry Leather is pulled aſunder, and the Place where a Piece — 
of Glaſs is broken: For the Leather appears unequal, and 
25 it were untwiſted, which is an evident Sign, that the 
Particles which are at the End of one Part, entered in 
between the Particles which are at the End of the other 
Part ; and on the contrary, the Breach of the Glaſs appears 
very well poliſhed, which is a Sign, that the Particles of 
one of its Pieces, touched the Particles of the other Piece 
only, without entering in between them. 

45. If Glaſs which is very brittle, have very large 45. 2 
Pores on one Side of its Superficies, and which grow leſs Glaſs new. 
and leſs towards the other Side ; there cannot enter into . = 
theſe large Pores, ſubtil Matter enough to fill them, but 4virb:ur b.. 
that by continuing its Motion very quick towards the g meddizd 
freighter Parts of the Pores, it muſt wholly diſunite the 
Darts. Now when a Drinking-glaſs, which is juſt made, 
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thus al moſt all Bodies ate broken by 


ROHAULT's SYSTEM 


grows cold on a ſudden ; it is impoſſible but that the 
Pores muſt be larger where the Glaſs is thickeſt ; becauſe 
the Heat, which dilate Bodies, continues longer here than 
in the other Parts: Wherefore the ſubtil Matter which 
enters into theſe large Pores, going on ſwiftly, and with 
great Force (1) muſt break the Glaſs in the Places where 
the Pores are ſenſibly leſs. And this ſo commonly hap- 
pens, that it is ſomething ſtrange, if a hundred Glaſſes 
be expoſed to the Air as ſoon as they are made, if one of 
them eſcape without breaking. | 

46. The Glaſs-makers have a Way to prevent this In- 
convenience, by putting the new-made Glaſſes into the 
Arch of the Furnace, where they are removed by little 
and little out of the Flame, ſo as not to get above the 
Space of nine or ten Foot, in fix Hours time, and then 
they are expoſed to the open Air; and ſo all the Parts 
growing inſenſibly Cold, the one as well as the other, 
the Pores become equally ſtreight every where, and the 
ſubtil Matter which can enter into one of them, can run 
from thence freely, through all other Parts of the Glaſs 
where the Paſſages are equally open. 

47. What we have now ſaid concerning the Cauſe of 
Glaſſes being broken as it were of themſelves, opens a 
Way for us to explain a kind of a Miracle in Nature, 
which was lately diſcovered and brought hither from 
Holland, and which has travelled tnrough all the Uni- 
verſities of Europe, where it has raiſed the Curioſity, and 
confounded the Reaſon of the greateſt Part of the Phi- 
loſophers. It is a kind of a Drop of thick Glaſs, and ſuch 
as the Glaſs- Windows are made of, near the ſame Shape 
and Bigneſs as deſcribed in the Figure. It is entirely So- 
lid, except perhaps we may ſometimes ſee a few ſmall 
Bubbles of Air in the thickeſt Part of it, as at D, where 
it will bear pretty hard Blows of a Hammer without 
breaking. And yet, if the little End of it be broken off 
ay where near B, the whole Body will burſt in Pieces 
with a Noiſe; and we ſhall ſee it ſcatter it ſelf all round, 


Part I. 


(1) Muſs break the Glaſs) But it 
ny be (and it 's more likely) that 
he Cold, by ſtopping the Motion 
at ſome of the Paris on a ſudden, 
»:hilt the reſt are in great Motion, 
>reaks Veſſels made of Claſ;. For 


hundred Pieces. Hence the Chymiſts 
Veſſels are often broke. Hence they 
who cut Drinking- Glaſſes into Spi- 
rale“, firſt put a red hot hon near 
them, and then pour co'd Water on 
the Part of the Glaſs which is heated. 
And hence Drinking- Glaſſes are re- 
ported to be broken only by the 
Vo'ce beading them. 


dne vnequal Motion of their Parts: 
ri-nce a Tile by one Blow burits a- 
:g0%r many time? imo two or three 
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and to a good diſtance, in a Powder, which though very 
ſmall, has its Parts cracked in ſo many Places, that it 
is eaſy to divide them by preſſing them between one's 
Fingers; which may be done without any Danger of 
ricking them, as there is, if we ſhould handle a piece 
of Glaſs ſo, after it is powdered in a Mortar. 

48. To ſay the Truth; this Phenomenon is fo ſingular, 
that it is no wonder it ſhould at firſt Sight ſurprize us. 
But if we conſider it more cloſely, it is eaſy to obſerve, 
that there is nothing elſe appears, but only the local Mo- 
tion of the Parts of the Body, which are carried from 
the Center to the Circumference : Now as we cannot 
conceive how a Body ſhould begin to move of it ſelf, 
without being put in Motion by another Body which 
was in Motion before; ſo it is eaſy to imagine, that the 
ſcattering about of the Particles of the Glaſs-drop, is 
owing to ſome Matter, which getting into its Pores, preſſes 
upon them and divides them, in the ſame manner as we 
ſee a Wedge when it is driven into a Body with great 
Force and Velocity, ſplits it, and ſeparates the Parts from 
each other. And there is no Doubt at all, but that this 
is the ſame Matter which breaks the Glaſſes in the Glaſs- 
Houſe, when they are ſuffered to cool too ſoon. 

49. Now in order to underſtand how this Drop could 
acquire a Diſpoſition proper to produce this Effect, there 
is Reaſon to gueſs, that the Workman, who makes a Se- 
cret of it, has a Way of cooling it all at once, by dipping 
it when it is very hot into ſome Sort of Liquor, which 
hinders it from breaking in pieces: For we ſee by Ex- 
perience, that Glaſs which is ſo cooled in Water, breaks 
into ſmall Pieces. But be this Liquor what it will, it is 
certain, that the Parts of the Drop, which are neareſt 
the Surface, cool firſt, and by communicating their Mo- 
tion to this Liquor, loſe 'what they had before, which 
kept them at a little diſtance from each other; and fo 
they are condenſed, and contract their Pores, and fit 
them to the fineſt Parts of the ſubtil Matter, which pre- 
ſerves its Paſſage through them. But this is not the 
Caſe of the internal Parts of the Drop, which not being 
cooled till after the other, cannot contract themſelves ſo, 
becauſe thoſe other being grown hard, and diſpoſed like 
an Arch, do not at all preſs upon them ; ſo that the 
Pores which are amongſt the Parts neareſt the Middle, are 
large, and grow leſs and leſs as they come towards the 
Superficies. And this being allowed, there is a plain 
Reaſon for what cauſes ſo great Admiration. 

50. It 
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50. That t 50. It is no wonder that the Drop will bear the Blows 


orotic of a Hammer, becauſe it is thick enough for that: 
a Hanmer, For other Pieces of Glaſs of the fame Bigneſs will do 


the like. 


51. That 5 I. It is alſo manifeſt, that they ought not to break 


ce a of themſelves, as the forementioned Glaſſes do, becauſe 
not 10 rea 


of them. the ſubtil Matter which paſſes through them, finds as 


ſelves. free a Paſſage to come out, as to enter in. 

$2. How i: 32. But when the little End is broken off near the 
Flies in place marked B, we can there fee very large Pores into 
pieces. 


which the larger Particles of the ſubtil Matter entring in 
a great Quantity, and continuing to move from thence 
very ſwiftly, towards every part of the Superficies, where 
the Pores grow ſtreighter; they cannot but (1) ſeparate 
every way the Parts of the Glaſs, and fo divide them 
into that Powder which we ſee. 
$3. Wiy ic 53. This Truth is confirmed by obſerving, Firſt, 
does nt That the Extremity of all, which is at A, is fo ſmall, 
wo dee, that there could be no ſenſible difference in cooling be- 
be very End tween the inſide and the outſide, fo that the Pores there 
folie are of an equal Bigneſs throughout. Wherefore if the 
8 End be broken off thereabouts, this will not give leave 
Fiz, 3. to the ſubtil Matter to let in its groſſer Particles, any 
more than if it were not broken at all, and conſequently 
the Drop ought not to burſt in Pieces; as by Experi- 
ence we find it does not. 
54+ That 54. Further, if one of theſe Glaſs Drops be made — 
5 hot in the Fire, and then ſuffered to cool ſlowly, it 
again, ougbt Pores will then become very near equal, in like 6 405 
leit, as Workmen neal Steel. After which, if the End of 
RR, the Drop be broken off any where, becauſe there can no 
fender. ſubtil Matter enter in, but ſuch as can go out on all 
| Sides with as great Eaſe as it entred in, therefore the 
Drop (2) o. wht not to burſt in Pieces at all; which alſo 


we find true hy Experience, 


(1) Separate cue way) Becauſe Bows tent. And hence perhaps it is, 
Glaſs is a Body which bas a Power tht after it is burſt in Pieces, its 
of Spring ng, it is probable, that this. Fill»res are Ciſpoſed like ſo many 
Glaſs Drop is broke in the fame Radi drawn from the Axis to the 
manner, as a Steel Bow burſts in Superticies, s Mr. Hock oblerved ig 
pieces lumetimes, when it is looſened 2 Glaſs Drop covered over with 
on a ſudden ; H. by the too great Glue tre Hoik's Micrography, 
Ce'erity and Force of that Motion Odbſery. 775. 


which ariſcs frem the mutual At- (2) Cult not to burſt in Pieces 
traction of its Parts. Fer its Parts For the Anme Araſon, that there is 
from the Center to the Circumfe na danger of breaking a Bow when 
rence, ſeem to te like fo mary. it is gradually wolered. 
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55. Laſtly, To confirm what has been ſaid of the In- 55. Some 
equality of the Pores which are in the Middle, and thoſe ©'*** Ex- 


near the Superficies in theſe Sort of Drops, I carried three 


of them to three different Lapidaries : The firſt of them Tab. Ill. 
ordered to cut the Drop which I gave him, with Pow- is. 5. 


der of Diamond about the Place C. I ordered the Se- 
cond to drill a Hole in his, with the ſame Powder about 
D, and I ordered the Third to put his upon the Wheel, 
and grind it plain at E, with Powder of Emery : Now 
after theſe three Workmen began ſeparately to work up- 
on them with as much Caution as they do upon Pearls or 
Stones of a great Value, and had ground with theſe 
Powders as much off from the Drops as amounted to 
the T hickneſs of a French T'wo-pence, which I reckon 
is as far as the ſmall Pores reach, I ſaw each of them 
burſt in pieces as uſual, to the great ſurprize of the 
Workmen, who did not at all expect any ſuch Thing. 


56. But to return now to the Conſideration of Liquids. 56. Of ewo 


[ obſerve firſt, That if they be all reduced to two Species, 
the one comprehending. all thoſe which we call thin, and 
the other, all thoſe which we call fat, it will not be dif- 
ficult to determine what their principal Difference con- 
ſiſts in. For ſince the former is very eaſy to evaporate, 
but the Latter evaporates with great Difficulty, we can- 
not but think, that the Particles of the one, muſt be of 
very ſimple Figures to be able to diſingage themſelves 
from each other, and the Particles of the other, of more 
entangling Figures, ſomething like Branches of Trees, 
by which they hold each other together. 


57. And this is confirmed from hence, that if a Veſ- 57: V 


ſel full of thin Liquor be fo inclined, as to pour it out , 


ſlowly, the Liquor will run about, and divide it ſelf into dewn, is 
a great many diſtin Drops; whereas if it be a fat Li- 4 er ſed in 


quor, it will go on ina long Thread, whoſe Parts are 
uninterrupted. 


58. This being ſuppoſed, we ſhall not think it at all 38. V 


ſtrange ; that Oil or Air is ſo hard to mix with Water : / 


The Reaſon of which is, becauſe the Particles of theſe : gerber. 


Liquors unite together much eaſier than they do with the 
Particles of the other : Whence it is, that if Water and 
Oil put into the ſame Veſſel, be fo ſhaked up together, 
that they ſeem to compoſe but one Liquor, they cannot 
continue ſo long, before the Particles of the Oil which 
meet each other, will entangle themſelves, fo as to com- 
poſe ſeveral Drops, which becauſe of their Lightneſs, riſe 


up, at the ſametime that the Particles of the Water, whoſe 
Motion 
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which ſwim they will not mix with, are all round like Balls. 
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Motion cauſes them alſo to meet, join together likewiſe, 
and compoſe other Drops which ſink downwards: And 
this is the Reaſon why theſe two Liquors entirely clear 
themſelves of each other, and become diſtinct, the one 
at the Top, and the other at the Bottom. 

59. It is worth obſerving, that the Drops of Liquors, 
which fwim in a large Quantity of other Liquors which 
This 
cannot be perceived in Drops of Rain as they fall in the 
Air, by reaſon of the Swiftneſs of their Fall; on the 
contrary, they ought rather to appear long, ſo, as we 
ſhould take them for ſmall Columns ; for the ſame Rea- 
ſon that a lighted Torch moved quick, appears like a 
long Train of Fire, A better Way then for us to take, 
in order to ſee if the Drops of Water which ſwim in 
the Air be round, is to put a little Water into the Hol- 
low of one's. Hand, and to throw it up into the Air, a- 
bout the Height of our Eyes ; for then it will divide it 
ſelf into a great many ſmall Drops, which beginning to 
deſcend very flowly, give the Spectator an Opportunity 
of obſerving their Figure, 

60. This Phenomenon has always been obſerved, and'a 


Parts of the fame Liquor have a mutual Affection for each 
other; whence follows a Deſire of uniting together, which 
cannot be done perfectly, but by compoſing a Ball; for 
if they compoſed any other Figure, thoſe Parts which 
were molt diſtant from the Center, would tend towards 
it with a greater Force than thoſe which are nearer it, and 
conſequently make them give way, and remove back till 
they are all equally placed about the Center, and fo be- 
come round, 

61. But becauſe theſe Words, Af2#ion and Defire have 
no Meaning, that we can apprehend, unleſs they be aſcri- 
bed to Subjects which are capable of Knowledge ; there- 
fore we cannot apply them to the Parts of Water, with- 
out ſpeaking very improperly and obſcurely. Wherefore, 
theſe are io far from explaining a Thing which ought to 
be very eaſy, (for we are only inquiring into the Figure of 
2 Body ;) that they perplex it with Terms which have no 

lear and diſtinct Signification when applied to ſuch Sub- 
Further, let this Peſire of uniting be explained how 
it will, it is very abſurd to aſcribe it to Subjects which 
ſeem naturally to be fitted to diſgunite ef amn each other, be- 
cauſe Nature has made them io capable of diſuniting. 
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62. In order then to find out the Cauſe why the Drops or That 


of Liquors which ſwim in other Liquors are round, we 
muſt keep this Truth in our Minds: That every Thing — 
endeavours, as much as it can, to continue in that State, in aut of the 
which it once is; and conſequently, that which is once in ww mug | 
Motion, would continue to move with the ſame Deter- deſcribe the 
mination with which it began, that is, according to what Circunfe- 
was before ſaid, in the ſame ſtreight Line. Thus, if the — % 
Body A, for Example, is moved along the Line AB, it freigbe 

is determined at the Beginning of this Motion to go to- 2 and 
wards C, and it will never of it ſelf tend to go towards Err 
E or towards D. However, if when the Body is come /arger Cir- 
to B, it meets with any Obſtacle there, it may turn out © "4th 
of the Line BC and go in ſome other Line. But be- Por th 
cauſe it is forced out, it follows, that it will go as little Tab. III. 
out as it can, that is, when it quits the Line AB at the Fs. 6. 
Point B, it will tend to move in a Line which will make 

the leaſt Angle that can be conceived with the Line BC. 

And becauſe the Line BD does not make ſo ſmall an An- 

gle with the Line BC as BE does, we cannot but think, 

that the Body A tends rather to move in the Line BE 

than in the Line BD. And becauſe the Circumference 

of a Circle, of which BC is the Tangent, makes a leſs 

Angle with BC than any Angle comprehended betwixt 

two ſtreight Lines; we muſt conclude, that the Body A, 

when it is arrived at the Point B, will reſiſt turning into 

the Circumference of a Circle leſs than into any ſtreight 

Line. Laſtly, becauſe it is certain, that the Circum- 

ference of a great Circle makes a leſs Angle with its 
Tangent, than the Circumference of a ſmall Circle does 

with its Tangent, we muſt alſo conclude, that the Bo- 

dy A, when it is arrived at the Point B, where it is 

forced to turn out of its Way, will reſiſt ſtill leſs, the 
deſcribing the larger Circumference BG, than the ſmal- 

ler one BF. 

63. This being ſo ; if the Particles which compoſe a 63-5» the 
Drop of Liquor, and which are hindred from going on 2 
in their Motion, by the Liquor which ſurrounds them, be ru. 
compared to the Body A; and all that has been ſaid of 
the Body which made Reſiſtance to it at B, be applied to 
the Particles of the ſurrounding Liquor, which do not 
make ſo great Reſiſtance, but that they can retire back 
a little; we conclude, that the Particles of the Drop, do 
gradually remove thoſe ſurrounding Particles which get 
within the Sphærical Superficies which the Drop may be 
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64. That 
Drops, any 
way ſup- 
ported, aug ht 
to be à littie 


flat. 
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comprehended under : And becaule (1) the World is full, 
and the Particles which are removed out of their Place, 
have no where to go, without removing as many others, 
they muſt neceſſarily be driven to thoſe angular Parts of 
the Drop which are without that ſpherical Superficies; 
and fo the Drop will of it {elf become of a round Figure, 
though the ſurrounding Liquor contributed nothing elſe 
to it, but only not reſiſting it at all : But becauſe the Par- 
ticles of this Liquor, are more hindred from continuing 
their Motion in a ſtreight Line, by the angular Parts of 
the Drop, than by the others which are nearer the Center, 
it is evident, that they muſt force them towards the Cen- 
ter, and at the ſame time make theſe other remove fur- 
ther off from it. (2) And in this manner the ſurrounding 
Liquor contributes as an efficient Cauſe, towards making 
the Drop round. Nay, we may affirm, that it does the 
greateſt Part towards it, if, all other Things being alike, 
this be moved with the greateſt Celerity. | 
64. But it is to be obſerved, that there are two T hings 
required in order to make Experience agree with this De- 
monſtration: The Firſt is, That the ſurrounding Liquor 
be not more than uſually agitated by any external Force; 
and Secondly, That the Drops be not any way ſupported, 
at leaſt, when they are of any conſiderable Bang for 
then their Weight, which is ſuperior to the Cauſe which 
makes them round, will make them a little flat,. fo that 
they will be round only in that Part which is parallel to 
the Horizon. As we ice by Experience in Drops of 


(1) The World is full) See the 
Notes on Chop viii. 

(z) Ard in this manner] A Por- 
tion of any Liquor, incloſed in ano- 
ther Liquor, which it does not mix 
with, will preſerve its Figure, what 
ever it be, without any Alteration, 
if the Parts of the ſurrounding Li- 
quor be a: reft, with reſpe:t tn each 
other. See Newt Princip. Book Il. 
Prop. 20. Ger. gth. But if the 
Parts of the ſurtcunding Liquor be 
ag tailed, the incloſed Drop mult ne- 
ceſſarily be compreſſed imo a g obu- 
lar Figure. For fince the Superfi- 
ces of any cther Figure is greater 
than that of a Globe, and therefore 
expoſed to more Attacks from the 
Parts with which it does not mix, 
com ng upon it on all Sides; and be- 
cute whatever is preſſed upon on all 
Siges, retires thither where it may 
de leaſt preiſed upon; it is evident, 


that the Parts of the incloſed Drop, 
muſt gather themſelves into the 
Form of a Globe, when they will 
be leaſt preſſed upon. And this 
they will do, if there were no ſuch 
Thing 2s Attraction. But fince the 
Drops of Water and of other Li- 
quors, father themſelves into a round 
Figure, ina YVacuum, as well as when 
incloſed in any Liquor, the Caule 
of this ought by all means to be aſ- 
cribed to the mutual Attraction which 
there is betwixt the Parts ef one 
and the ſame Liquor. (See the Notes 
on Chap. xi. Art. 18.) For the Dreps 
of every Fluid affect a round Figure, 
by the mutual Attraction of their 
Parts: In ebe ſame manner as the 
Globe of the Earth and the Sea af. 
ſedti a round Figure, by the mutual 
Attraction of its Parts by Gravity» 
Newt. Opticks, pag. 370. 


Water 


by 
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Water which reſt upon ſuch Leaves of Herbs as they will | 
not wet, and in thoſe put upon a duſty Table; as alſo in | 
Drops of Oil or melted Greaſe ſwimming on Water, 
which indeed are not round, but only on that Side which 
is level with the Horizon, for on the other Sides, they | 
are flatter in proportion to their Bigneſs and Weight. 
65. This laſt Obſervation ought to be underſtood only 65. y 
upon Suppoſition, that all Things elſe are alike, For it tft 1 
is not at all impoſſible, but that of two Drops of different 43: more 
Liquors, that which is the moſt heavy, may be the 79nd n 


roundeſt, provided it be alſo the ſmalleſt : The Reaſon . 
of which is, that all the Particles of the Liquor which 
ſurrounds the Drop, do not help to make it round, but 
thoſe only which are applied to the Surface of it; the 
reſt, which enter into the Pores, help rather to diſſipate 
it. Wherefore a Drop, which is ſmaller and heavier, 
having its Pores leſs, and perhaps a leſs Quantity of them 
than the other, which is larger and lighter ; has allo its 
Surface more continued, and conſequently gives more 
Opportunity to the Cauſe, which makes it round, to 
work upon it, and leſs to that which would diſſipate it. 
Thus we ſee, that a Drop of Quickſilver is always more 
round than a Drop of Water a little lighter, 

66. On the contrary ; Spirits of Wine, being very light, 66. hence 
muſt have ſo many Pores, and the Superficies of it muſt 535 
be ſo interrupted, that there can be but a very few Par- Spirit of 
ticles of the Air applied to it to make it round, the ine dent 
greateſt part of them paſs through it, and tend to diſh- 3 
pate it; alſo this is a Liquor, which it is very difficult to | 
diſtinguiſh into Drops, as may be tried, by putting a lit- 
tle of it into our Hand and throwing it up into the Air 
for if it be well rectifed, it will not fall dovn in Drops, 
as Water does, but it will be fo diſſipated by the Air, 
that none of it will appear ſenſibly on the Ground. 80 
alſo if it be thrown upon a duſty Table, it will not gather 
into round Drops, but ſpread it ſelf about, and mix 
with the other Bodies which it meets with; nay, even 
with Soot it ſelf, which Water will not moiſten. 

67. Having thus ſhown what kind of Superficies that 77 whe — 
which is common to two Liquors, the one incloſed in the * — — 
other, is; it may not be amils to ſtop a little, and examine Bodies and 
what fort of Superficies that ought to be, which is between * eber. 
two Liquors, the one contained in a Veſſel, and the other 
not: But becauſe there may be ſome Difference in this, 
according as the Veſſel will be wetted or not wetted by 
the Liquor contained in it; it is to be obſerved, that a 
Liquor 


"y 
4 
4 
- 
1 
4 
* 
f 
N 
. 


1 
1 
15 
* 
i 
15 
4 
* 
is 
» 


j 


* 


2 


FFP 


* 


r 


oy 


- _ 
== >< 


ä 


A ent 7D FP 
. "= + * - + we EY 


— 
. — 
— 222 


—— bd. 


as Yo 


| 
4 


4 
4 
* 

kd 


ROHAUL T's SYSTEM Part I. 


Liquor therefore wets a hard Body, becauſe it immedi- 
ately touches its Superficies; and that another Liquor does 
not wet it, becauſe it does not immediately touch its 
Superficies ; but there is room left for the ſubtil Matter 
to paſs between the concave Superfictes of the one, and 
the convex Superficies of the other. 

68. This being ſuppoſed ; we conclude firſt, that if a 
very clean Glaſs, whoſe upper Edge is of an equal Height 
all round, be exa#ly filled with Water, the Surface of the 
Water will be perfectly level and plain ; becauſe the Air 
which touches it, does not preſs more upon one Part than 
upon another. 

69. But if the Glaſs be not full of Water, the Super- 
ficies ought to be Concave; (1) becauſe the Air which 
comes in at the Mouth of the Glaſs, and circulates about 
the Glaſs and the Water, as if they were one continued 
Thing, cannot ſo eaſily turn to move along the internal 
Superficies of the Glaſs, as continue its Motion in the 
Middle: From whence, being to go out again at the 
Mouth of the Glaſs, it deſcribes a Curve in a contrary 
Poſition, to what it did when it entered in, much the 
ſame as is deſcribed in the Figure ; ſo that the Water 
is preſſed more in the Middle than on the Sides, and con- 
ſequently muſt riſe towards the Sides. 

70. Experience would perfectly agree with this Rea- 
ſoning, were it not that as the moſt convenient Motion 
for the Air is in a Circle, it ſhould ſeem, that it ought 
to bend the Surface of the Water into the Form of a 
Concave Sphere, which yet it does not do ; For the 
Surface of the Water is curved only towards the Sides, 
and 1s perfectly level in the Middle. But the Reaſon is 
plain ; for if the Glaſs be large, a great Quantity of 
Water muſt be raiſed up to make the Curvature ſo con- 
venient, as the Water requires, which it is certain is 
reſiſted by its Weight. 

71. And for Proof of this ; If into a ſmall Tube of 
Glaſs, in which a ſmall Quantity of Water riſing at the 
Sides makes its Surface ſpherical, ſome Water be poured, 
ſo as not to fill it ; we may obſerve, that it will conti- 
nue in the ſame manner Spherical, though the Tube be 
inclined as you ſee in the Figure, where the Curvature 


(1) Becauſe the Air) Since all Gibbous or Concave, according 2s 
theſe Phænomena are the fame in a the Particles of the Liquor are more 
Vacuum as in the open Air; we muſt or leſs mutually attracted by each o- 
aſſert, that the Superficies of any ther, than they are by the Matter 
Liquor contained in any Veſſel is of which the Veſſel is made. 


ABC 


Chap. 22. of NATURAL PHITLOSsOPRv. 145 


ABC repreſents the Surface of the Water, which is there- 
fore above the Level, and manifeſtly higher at A than at 
C, becauſe that Poſition of the Water agrees better with 
the Motion of the Air, which would be more turned 
back, and with greater Force in the Place D, if the Wa- 
ter were more upon the Level DBE. | 

72. The ſame Cauſe, which hinders the Water from 72. V 4 
growing level in an inclined Tube, hinders a Bottle alſo — 
which has a very ſtreight Neck from emptying it ſelf, ben filled 
when it is near inverted, and the unequal Height of the 2 Ha- 
two Parts of the Water which endeavour to come out at 4 its 
the ſame time, ſhould ſeem to deſtroy the equilibrium of the Bottom 
the Air's Prefſure, which repels and ſupports it by its 232474", 
Weight. For Example ; Though in the Bottle here de- 3 ſelf. 
ſcribed, the Height of the Water which endeavours to Tab. III. 
come out of the Bottle at C, is greater than of that at A, Fs. 9. 
and therefore ſhould ſeem to be able to force the Air to 
deſcend at C, and to riſe again by A, and get into its 
Place; yet this does not happen, becauſe the Parts of 
the Air now deſcribe the Curve ABC; and the Dif- 
terence of the Weight of the Water at A, above that at 
C, is ſo very ſmall, that it is not able to make the Air 
to deſcribe a Line that is more curved, as it muſt do, if 
the Water which deſcends by C, took up part of the 
Width of the Neck. 

73. If a little more Water be poured into a Glaſs of the 23. Thar che 
common Shape, than will fill it exactly full; as that which 2 
would run over the Sides, is more expoſed to the Power 5.» dle 
of the Air than any other Part is; it follows, that the G!zſs i | 
Air ought to puſh it back towards the middle, where it * 2 
ought to be higher, in order to its more convenient Mo- 3 
tion. And thus we ſee that a Glaſs may be filled heaping 
full, and that the leſs the Glaſs is, the nearer does the Su- 
perficies of the Liquors it contains approach to a Sphere; 
becauſe it does not ſuſtain the Weight of ſo great a Quan- 
tity of Water, and the Force of the Air is ſufficient to 
bend it in this. TY 

74. If the Glaſs be greaſy, or for any other Reaſon will 24. Lb 
not be made wet ; whatever Quantity of Water be put in- — : 
to it, (1) the Superficies ought always to be convex ; be- 4 Glaſs nt 
cauſe its Figure does not ſo much depend upon the ex-, and 


. ; hich will 
ternal Air, as upon the Air that flows between the inter- „., 4 awe. 


| ted, ought 
(1) The Superficies ought always) in Veſſels of Gold that are not full, alſo (e be 
Thus the Superficies of Quickſilver its Superficies is coacave, as that of convex. 
in Glaſs Tubes, is always gibbous, Water is in Glaſs, See the Notes on 
becauſe it does not wet the Claſs, but At. 69. ave, 


l. | L nal 
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nal Parts of the Glaſs, and the external Parts of the Li- 
quor which it contains, which by its continual movin 
round, blunts the external angular Parts which reſiſts its 
Motion, and forces them towards the Middle, or elſe 
forces them inwards, and ſo cauſes the Water to raiſe it 
ſelf up towards the Middle, where the Air oppoſes its 
Paſſage leſs, becauſe it cannot get thither, but by alter- 
ing and bending its Courſe. 
75. From what has been faid in the two foregoing Ar- 
— ticles we infer, that the Air which depreſſes the Middle 
7 Top of of the Superficies of the Water in a Glaſs not full, ought 
*be Water, from the fame Cauſe, to drive light Bodies which ſwim 
fre dev tage upon it, and touch it immediately, towards the Sides : 
Middle % "This I have experienced in ſmall Globules of Glaſs full of 
'be Side. Air and cloſed up, which an Enameller made as light for 
me as he could; for theſe being put towards the Middle 
of the concave Superficies of the Water in a ſtrait 
Glaſs not very full, it was very pleaſant to ſee them dri- 
ven from thence to that Side of the Glaſs which was 
neareſt to them. 
hat 76. Becauſe I made uſe of a ſmall Globule of Glaſs, 
pour arg e and a Veſlel of the ſame, in this Experiment, ſome Per- 
je" nat ſons perhaps, may imagine, that this Globule moved to- 
wards the Side, becauſe it was attracted by the Glaſs: 
But it is very eaſy to confute this Imagination; for not 
to mention the Obſcurity of that Word, the ſame Thing 
will happen in a Veſſel of Wood, or of any other Matter 
whatſoever (1) which we cannot ſuppoſe to have any 
9 85 with the Globule. 
. That the But that which evidently overthrows this Opinion, 
re Beates and * — rms that which I have advanced, is, that if At- 
« 1 traction had any Thing to do here, the Globule ought to 
=_ Sides to- move ſwiſtly from the Middle to the Side of a convex 
_ = ward: the Superficies of the Water in a Glaſs heaping full; for 


75. Wey . 
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Gl:\s rar beſides the Attraction, the Declivity ought to help its Mo- 


fall. tion. Which yet is not ſo; but on the contrary, it moves 
from the Side towards the Middle, as it ought to do, if 
what I have affirmed be true; becauſe, as was faid be- 
fore, it is the Sides which are moſt expoſed to the Force 
of the Air; and the ſame Cauſe which drives the Water 
from the Sides to the Middle, ought alſo to drive the ſmall 
Globule. 


(1) Which 4 cane, ſuppiſe) See the Notes on Chap. xi. Art. 1 5. 


78. But 
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1g 78. But it is to be obſerved in theſe Experiments, that 73- Yby « 

ts the Body which floats on the Top of the Water, muſt 32.27 

ſe immediately touch it, or which is the ſame Thing, muſt Mater, wuben 

it be wetted by it, that the Air may be forced to move/winning on 

ts round them both, as if they were one continued Body. — kd 

1 But if the Body which floats on the Water does not im- daes the cen- 
mediately touch it, or is not wetted by it, we experience N 

r. the contrary; that is, the Body will deſcend from the Sides hal of Glaſn 

le towards the Middle, when the Superficies of the Water is 

it concave, and from the Middle towards the Sides when the 

. Super fies is convex, becauſe the Parts of the Air which 

, paſs under the Body depreſs the Liquor all round, which 

f produces the fame. Effect, as if, when a large heavy 

r ſpherical Body was fixed upon the Declivity of a Moun- 

e tain, we ſhould take away the Earth equally all round 

t it, and put Leavers under it to ſupport it; for it is evi- 

. dent, it would by that means be diſpoſed to deſcend to the 

5 Bottom of the Mountain. 


79. It is to be obſerved further, that when a Body 70. H ſuch 
which weighs more than an equal Bulk of Water ſwims de © 
upon the Water, as a Needle made of Steel will do, the rg 
Reaſon of it is this; that the Air which preſerves it ſelf the Water. 
a Paſſage between the Body and the Water, ſupports it 
and hinders it from ſinking: For we ought not to think 
that it proceeds from hence, that the Parts of the Water 
are harder to be ſeparated near the Superficies, than deeper 
in, as we may be apt to imagine; for having cauſed ſome 
ſmall Needles to be made of Glaſs, which were lighter 
than the Steel Needles of equal Bigneſs, and laid them 
gently upon the Water, they always ſunk down to the 
Bottom. 

80. From hence, viz. that the Body dipped in the Wa- 80. My Li- 
ter will be moi/ined, or not moiſtned, it follows, that the 2 oo 
Water will e up on the Sides of ſome Bodies higher py” 8 
than it is any where elſe, or that it will be depreſſed low- of ſome Be- 
er; The Reaſon of the Firſt is, becauſe the Air which — 2 
moves from one Side of the Veſſel to the other, and paſ- 9 p litth 
ſes over the Body, permits the Liquor to rife in that ay. 
Hollow which the Air cannot without great Difficulty turn 
into : Whereas when it paſſes under, as in the Second 
Caſe, it depreſſes the Liquor all round. And of this a 
Multitude of Experiments may be made, and an infinite 
Number of them are made without any Notice being 
taken of them ; for every time we dip our Pen into the 
Ink, we may obſerve, that if it bs moiſtned, the Ink will 

Vol. I. 5 riſe; 
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riſe ; and on the 2 that the Ink is depreſſed about 


| the Pen if it is not moiſt, 

1  Wiythe 81, If two plain Bodies which the Water will wet, ſuch 
_ * as two Pieces of clean Glaſs, be put very near one ano- 
rably in the ther, and dipped a little way into a Veſſel of Water; (1) 
228 the Air which moves from one Side of the Veſſel to the 
Cl ons other, in order to get over the Obſtacle that lies in its 
fitted to each way, ought rather to paſs over the Top of the two Glaſ- 
— ſes, than to deſcend into that ſtreight Place, which is be- 
07 * hel tween them : So that the Water is not ſo much prefled 
into it, here as it is in other Places, where the Air can go with- 
out bending its Courſe ſo much, and fo it ought to riſe 
to a conſiderable Height above the Level of the Water 
contained in the Veſſel; and thus we ſee by Experience 

that it does. 

82. Wby the 82. And there is no doubt but that the Water would 

1 — ore ſtil] higher, if the two Pieces of Glaſs were cloſed 


it ſelf in Jon both Sides, for by that means almoſt all the Air which 
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Tubs, dred from entering in. Or, which is the ſame Thing, we 
may take a very ſmall Glaſs Tube open at both Ends, and 
dip it in the Water, for then the Air cannot enter in by 
the Sides : ſo that the Water muſt riſe very high in ſuch 
fort of Tubes, if they be very ſlender : And indeed I have 
made the Water riſe a Foot high in a Glaſs Tube ſo ſmall, 
that one could ſcarce get a Horſe-hair into it. 
33. Wiyit 83. However, we muſt not conclude from hence, on 
3 that it ought to riſe on without End in theſe ſmall Tubes; 1 | 
End, for it is eaſy to ſee, that the Water muſt ſtop, when the 1 
Weight of that which is riſen, tends downwards with 10 
| greater Force than the Preſſure of the external Air has to bid 
| thruſt it up. | | 
| 84. Thara 84. If the Tube be inclined, a greater Quantity of Wa- 7 
greater ter will get in, becauſe, being ſome way ſupported by the in 
4 22 Jlaſs, it does not tend downwards with fo great Force. | 
[ rc riſe in an Which is confirmed by Experience, according to the moſt 
4 _— exact Laws of Mechanicks. 2 lo 
1 35. bythe 85. Having now explained the Force of the Air as a 4 
| Water riſes Liquid to impel Bodies which are fo cloſe to it, we may Ii 
=. 1 ſay with more Aſſurance and Certainty than we could it 
A | ſmaller, than before, what the Situation of a Liquid in an inverted by 
a L in the larger Syphon, Whoſe Branches are of an unequal Thickneſs, 0 
3 1 — as is here repreſented, will be. For Example, if we con- u 
. — . ſider only its Weight, we may conhdently affirm, that 
a q a0. 1. * 
1 1 Fig. 4+ (1) The Air wbich moves) See the Notes on Art, 8 5. of this Chaps ; 
. 
| 
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if the Water in the larger Branch, reaches up to the 
h Height AB, it ought to riſe to the Height C in the little 
Tube, to be upon the Level with the other : But we may 
1) add, that if this Branch be ſo ſmall, (1) that the Parts of 
he the Air cannot turn in it but with Difficulty, the Water 
ts will riſe conſiderably higher than in the larger Branch, 


. ſo as to reach to D, Accor ding to what was now 

e proved. 

d 86. There are few of thoſe who enquire after @ per- 86. At ima. 
* petual Motion, but when they ſee this Experiment, for — — 
ſe want of rightly underſtanding the Cauſe of it, think tien. 


they haye found out ſuch a Motion. And indeed it 
looks at firſt Sight very probable, that if we take one 
of theſe Syphons, in the ſmaller Branch of which the 
Water riſes very high, and bend this Branch a little lower 
than the Height which the Water riſes to, it might be 
ſo ordered, that the Liquor with which it is filled might 
run out into the larger Branch, in order to rife up again 
in the ſmaller one, and ſo produce a perpetual Motion: 
But it is certain, that (2) they are deceived who make 
this Conjecture ; for beſides that, the Branch of the Sy- 
phon, out of which the Water is to run, ought to be 
longer than the other, (which is not ſo here, where the 
bent Branch is in the Room of a whole Syphon) it is 
caſy to fee, that the Water, the Moment it endeavours 
to come out at the End of this ſmall crooked Branch, 
is more expoſed to the Force of the Air, than that which 
is contained in the larger Branch ; whence it follows, that 
its Paſſage out muſt be ſtopped. 

87, This will appear more evident, if we conſider, that 87. That in 
when the End of the ſmall Tube of a bent Syphon, 2e the 
whoſe Height does not exceed that, to which the Wa- — 
ter will commonly riſe, be dipped into the Water, it will very malt, 
immediately be filled; but if the End of the longer Branch the Water 


will not al. 
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Academ. del Cimenta, p. 55, It is through the 
evident therefore, that all theſe langer 
Phenomena's are to be aſcribed to Branch, 


(1) The Parts of the Air) It 
looks very probable, at firſt Sight, 
as if the Riff Particles of the Air, 


either paſſed over the Mouth of the 
little Tube CD ; or elſe ſticking in 
it, like little Pieces of Wood a · exoſs 
it, ſupported the Column of incum- 
bent Air, fo as it ſhould not preſs 
upon the Water under it, with its 
utual Weight : But by often repeated 
Experiments, it is found, that the 
Water will riſe as high in ſmall 
Tubes, though the groſs Air be ex- 
hauſted. See The Exper, of the 


Attraction. See the Notes above on 
Art. 69. 

(2) They are deceived) It is ma. 
nifeſt, from Calculation upon Me- 
chanick Principles, that all Que- 
ſtions about a perpetual Motion end 
in this. To find out a Weight hea- 
vier than it ſelf, or an elaſtick Force 
ſtronger than it ſelf. Which is 
abſurd, 
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be not depreſſed lower than uſual beneath the Level of 
the Water in the Veſſel, it will not run out into the 
Air, as it ordinarily does; whence we ſee, that the Air 
puihes it back with greater Force than it has to come 
Out. 
$3. Acuri. 88. For a further Confirmation of a Thing which has 
ous Experi- been ſufficiently proved, I may add; that fo far is the 
— 1 Water from coming eaſily out at the End of a ſmall 
<<; Air, Tube, that ſometimes it will be forced to enter and aſ- 
cend into it, when it was entirely without before : Which 
may be tried, by holding a very clean ſmall Tube open 
at both Ends perpendicular, and putting a Drop of Wa- 
ter upon the external Superficies, which may entirely ſtop 
the Hole at the lower End, when it is got down thither 
for then you will with pleaſure ſee the Tube filled in the 
fame manner as if the End of it was dipped in a Veſſel 
of Water, 
$9. Nn bat 89. After what has been ſaid in the foregoing Articles, 
che Cavſeof it is eaſy to underſtand what is the Cauſe of the Filtra- 
e tion of the Chymiſts: For the Piece of Woollen Cloth 
3 which they put upon the Side of the Veſſel, in ſuch a 
manner, as that one End of it is dipped into the Liquor, 
and the other End hangs down on the Outſide lower in 
the Air, reſembles a bent Tube, in which the Water runs 
as in a Glaſs- Tube: And it matters not, if this Cloth or 
Woollen Tube be full of Holes on all Sides, for the Air 
which moves round it, preſſes in the Water which en- 
deavours to come out at them, ſo that it is like one con- 
tinued Covering. 
90. Since our Thoughts, or if you will, our Conjectures 
_ of concerning hard and liquid Bodies are confirmed by ſo 
liquid Bodies many Experiments, I think it ſuperfluous to add any 
Thing more. W herefore I ſhall finiſh this Chapter, with 
=: ſuofan- only remarking two Things: The Firſt is, That if Hard- 
e neſs and Liquidneſs conſiſt in Reſt and Motion, which 
have their Dependence upon ſomething elſe ; then theſe 
Forms are not Subſtantial, but only Qualities or Modes 
of Exiſtence in the Bodies to which they belong. 
„* What 91. Secondly, That having explained the Nature of 
Dryneſs and Hardneſs and Sofineſs, J have at the fame time explained 
eee wherein Dryneſs and Moiſtneſs conſiſt, This is evident, 
if we underſtand the Word Dry and Moiſi in the Senſe 
of the Antients, who did not diſtinguiſh them from hard 
and liquid As we may ſee from hence, that ſpeaking of 
Hoiſt, they uſe the fame Greek Word às all Interpreters 
render hamrd or liquid indifferently. It appears further, 
that 


90. That the 


as ſuch, are 
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that I have explained what the Nature of Dryneſs and 
Moaiſtneſs is, according to that Senſe which we now uſe 
thoſe Words in; becauſe by Dry, we underſtand that which 
will not wet any Thing; and by Moiſt, that which will 
wet a Thing, which are two Properties which have been 
fully and expreſsly handled above. 


2232222282428 
C HAP. XXIII. 
Of Heat and Cold. 


HESE Two Words have each of them two dif- 1. That tte 

ferent Meanings : For Firſt, by Heat and Cold, we 2 
underſtand two particular Senſations in us, Which in ſome Yr ag We 
Meaſure reſemble thoſe, which we call Pain and Plea- ue ferent 
ſure ; ſuch as we feel, when we touch Ice, or when we 3 
go near a Fire, Secondly, by Heat and Cold, we un- 
derſtand alſo the Power which Bodies have to raiſe the 
forementioned Senſations in us. | | 

2. I think we cannot underſtand what Heat and Cold, 8 In what 
in the former Senſe of the Words, is, but only by Expe- 7 cn i 
rience; wherefore our Curioſity will be ſatisfied, ' and our pe ro treat 
Pains employed only in enquiring what that Power con- C 1 
fiſts in, which certain Bodies have to warm us, and alſo 
what the Power conſiſts in, which we obſerve other Bo- 
dies have to coal us. | 

3. Ariſtotle ſays, that Heat is that which collects to- 3. How Ari. 
gether homogeneous Things, or Things of the ſame Na- n 
ture, and diſſipates heterogeneous Things, or Things of a 474 Cala. 
different Nature; and Cold, he ſays, is that which collects 
together, Things homogeneous and heterogeneous indii- 
terently, "The common Inſtances made uſe af to prove 
this, are Fire; by the Heat of which, a great many Parts 
of Gold may be collected into one Maſs, or two or more 
Metals which are mixed together, may be ſeparated : 

And Ice, which by its Coldneſs, unites together, Water, 
Stones, Wood, Straw, ſo as to campoſe one Body of all 
theſe together. 

4. But it is to be obſerved, that the Inſtance here gi- 2 ou 
ven, is ſometimes faulty; for if a Maſs, compoſed of Gold, be Pines 
Silver, and Copper, be put upon the Fire in a Crucible, a different 
it is not true, that theſe Metals will always clear them- - x b ſe 


ſelves of each other, ſo as to be ſeparated and placed in of rh ſame 
3 4 their Nature. 
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their proper Order, one upon another, according to their 
different Weight. On the contrary, if ſeveral diſtinct 
Pieces of Gold, Silver, and Copper be put together in- 
to a Crucible, the Fire will not fail to mix them all to- 
gether. 
x- That the F. It is true, that if the Fire acts a very long time up- 
8 on a Maſs, compoſed of Gold, Silver and Copper; the 
ther to di. Silver and Copper will go all away in Smoak, and fo leave 
pate than to the Gold alone in the Crucible. But we ought not for 
collect roge- this Reaſon to ſay, that the Fire has a Property of col- 
lecting Things together, becauſe this perhaps is only ac- 
cidental, that 1s to fay, by diffipating the Firſt, which 


reſiſts its Force leſs, the Gold remains alone, or laſt, be- 


cauſe it reſiſts its Force more. In the ſame manner, as 
if Saw-Duſt, and the Filings of Lead were mixed toge- 
ther in a Plate, we can with our Mouths blow away the 
Saw-Duſt, and leave the Lead-Filings alone in the Plate. 
For it is evident, that it is only the Reſiſtance of the 
Pieces of Gold, which is the Cauſe of that Metal's being 
thus ſeparated from the Silver or Copper. For if it be 
left after this upon the Fire, it will continually diminiſh 
by little and little, till it intirely vaniſhes, as Refiners have 
tried; and this is what they mean when they ſay, there is 
no Gold of 24 Carats, that is, none that can be refined 
10 pure. | 
5. That 6. But if it was true, that Heat always collected toge- 
ariſtatle ther homogeneous Things, and diffipated heterogeneous 
et At ones, and that Cold collected together all ſorts of Bodies 
and Cold do, indifferently, this would indeed teach us what Heat and 
_ not what Cold do, but not at all tell us what they are: But Ari- 
ee. flotle has been excuſed in this, by ſaying, that in defining 
Heat and Cold as he has done, he did not ſo much follow 
his own Opinion, as that of others, 
>. Wiat tbe 7. I don't know whether his Interpreters have it right, 
Opinion of When they pretend, that his Opinion was; that Heat, in 
ase the Fire, for Inſtance, is ſomething in the Fire like that 
e Heat and Senſation which is raiſed in us, when we approach the 
Cold ts, Fire, And ſo likewiſe, that Cold in Ice, is ſomething in 
[ce very like that Senſation in us, which ariſes from touch- 
ing it. (1) Becauſe in his II. Book of the Saul, Chap, xii. 
after he had ſhown that Senſatian is a Paſſion, he ſays, 
that the Moment any Senſation is raiſed in us, we be- 
come like the Objcct that raiſes it. 


£4 1 . . / N | 
(1) Becauſe in bis Il Book) This lays, r u 5 70 dvd 
} * 30 * , ; 5 5 e * 
Place 15 not in that Chapter, but in 47 1 erb 5 4e; foal 
e vth Chap, of the me Book, he 
8. But 


Part J. 
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8. But whether Ariſtotle was of this Opinion or no, 8. That ehey 
thus much is certain, that they have no Proof of what __ 
they affirm ; for it is no Proof to ſay as they do, that jor heir 
the Fire cannot give that which it has not ; becauſe Opinion. 
taking the Word give, in the Senſe here uſed, there is no 
doubt but that the Needle, when it pricks us, gives us 
Pain, and yet there is no reaſon to believe from hence, 
that the Needle has in it any Pain like that which it 
cauſes in us, 

9. Farther, the Heat of the Fire, and the Cold of Ice 9. Thar it is 

being Properties or Qualities belonging to Bodies which * 
every one acknowledges to be inanimate, they cannot be 
like the Senſations which we feel by their Means, be- 
cauſe theſe Senſations belong to us as animate Creatures. 
And becauſe the ſame Thing may ſometimes happen to 
raiſe in us two different Senſations at the ſame time, it 
will follow from their Opinion, that the ſame Thing may 
be hot and cold at the fame time, which is impoſſible; 
yet the Air which we breathe out of our Mouths, may 
at the ſame time feel hot or cold according as it is diffe- 
rently applied to our Hands in blowing upon them. 

10. By reflecting upon this Experiment, which ſhows 10. E what 
us, that the ſame Air feels hot or cold, not only from its oy —_— 
being applied in a different manner to our Hands, but c. 
alſo from the different manner of making it come out 
of our Mouths; it is eaſy to conjecture, that the Heat of 
a Body conſiſts in a peculiar Motion of its Particles. And 
becauſe the nearer we put our Lips together, and make 
the Air come out quicker and ſtronger, the leſs we feel 
the Heat; hence we conclude, that the Heat of a Body 
does not conſiſt in the direct Motion of its Parts. Now 
whatever is in Motion, either moves on directly, or elſe 
has an unequal and irregular Motion, as it were about 
its own Center; from whence we may infer, that the 
Air which comes out of our Mouth, beſides that direct 
Motion, by which the Whole of it is removed from one 
Place to another, it has alſo a great many of its Particles 
moved round with a circular Motion about their own 
Centers : By which means thoſe which are applied to our 
Hands, with this fort of Motion, excite in us a kind of 
Tickling. And becauſe it is this kind of Motion which 
raiſes in us the Senſation of Heat, we ought alſo to con- 
clude, that the Heat Bodies conſiſis in this Sort of Motion 
of their ſmall Parts, 
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11. So that what is in the Object is very different from 
the Senſation which it raiſes. And this ought not to be 
thought more ſtrange, than the Difference there is be- 
twixt the Figure and Motion of a Needle, which pricks 
us, and the Pain which it cauſes. For as it is evident 
from the Inſtance of Pain, that the Soul being united to 
the Body, it is the Appointment of Nature, that certain 
Perceptions of the Soul ſhould follow from certain Mo- 
tions or Diviſions which the Needle cauſes in the Body: 
So alſo we ought to think, that Nature has appointed 
that from that particular Manner in which.our Body is 
moved by the Fire, there ſhould ariſe a particular Percep- 
tion ; and this is what we call Heat, taking it in the for- 
mer Senſe of the Word. 

12. This is confirmed by Experience, which teaches 
us, that many Bodies are made capable of warming us, 
to which we cannot ſuſpect any Thing has happened but 
only Motion. It is to no purpoſe to inſtance in them 
all: I fhall content my ſelf with the following Ex- 
ample. 

13. And, Firſt, It is certain that when eur Hands are 
very cold, we find by Experience, that if they be rubbed 
a little while together, we ſhall feel a conſiderable 
Heat. | 

14. Secondly, As was before obſerved, Lime having cold 
Water poured upon it, though it was before cold, will ac- 
quire ſuch a Motion of its Parts, that they will be all 
diſ-united in- a ſhort time, and by that Means will be- 
come capable of heating us in ſuch a manner, that it will 
be very painful to hold it in one's Hand. 

15. Rotten Dung, that is, ſuch as diſſipates it ſelf by 
little and little, becomes ſo hot, as to ſerve inſtead of a 
moderate Fire in many Chymical Operations. And Chy- 
miſtry furniſhes us with many other Examples not ſo com- 
mon, which ought to be more known to the World than 
they are, : 

16. For Inſtance, if a jew Filings of Braſs be thrown 
into a large Veſſel in which is a little Aqua fortis, it will 
immediately raiſe ſuch a Fermentation, that the Bottle 
will ſeem quite full, and at the ſame time will be ſo hot, 
that we cannot touch it without being burnt, 

17. Further, If, as was before ſaid, Oil of Vitriol and 
O1 of Tarter be mixed together, though ſeparately nei- 
ther of them are combuſtible, they will immediately ac- 
quire an incredible Fermentation on a ſudden, and at the 
{ame time a very ſenſible degree of Heat, 


18. It 
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18. Tt is true, that in theſe Sort of Examples, it may 18. The-VI. 
with ſome Reaſon be ſaid, there is ſomething that we do Examples 
not throughly underſtand, wherefore I ſhall ſtay a little, 
before I ſay what the Cauſe of theſe ſurprizing Motions 
may be : To come therefore to ſome more familiar In- 
ſtances; we obſerve, that two hard Bodies rubbed againſt 
me another, do fo agitate the Parts of each other, as not 
only to burn us when we touch them, but their Motion 
will increaſe to ſuch a Degree, as to ſet each other on 
Fire. Thus in very dry Weather, the Jheel and the 
Axle-Tree of a Chariot, when it goes very quick, and in' 
general, all Sorts of Engines which are made of Matter 
that will burn, and which move very quick, are apt to 
take Fire. Nothing is more common, than to ſee a 
IWimble grow hot in boring a Hole in a hard thick Piece 
N of Wood. So likewiſe, if we file or ſharp a Piece of Iron 
or Steel, it will grow ſo hot ſometimes as to loſe its Tem- 
e per. And a Saw, which the Wood will not eaſily yield 
to, acquires a very notable Heat. But nothing ſooner 
takes Fire than a ſmall Piece of Flint or of Steel, which 
is ſtruck off, and put into a violent Motion by ſtriking 
theſe two againſt each other. Now in all theſe In- 
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. ſtances, there 'is nothing added to theſe Bodies but Mo- 
tion. | | 
F 19. All the Antients who have conſidered the greateſt 19. A Ex. 


Part of theſe Experiments, have aſſerted that Motion i 7 0742 ö 
the Principle 7 Heat; which I acknowledge with them f tb An. 
to be true; if by Motion they mean the Motion of the tients con-" 
whole Bodies, which is the Cauſe of the two Bodies rub- f Heat. 
bing againſt each other; but if by Motion they mean the 

Motion of their inſenſible Parts, I think they have not ſaid 

N enough: For the Motion of theſe Parts, is the very Heat 
/HFof thoſe Bodies. | 

20. I ſee no Objection that can be made againſt this: 20. #by « 
; For when they object, in order to ſhow, that Motion is PEI Bail 
, not (1) the Principle or Cauſe of Heat, that a Ball out of — — 
a Cannon which moves very quick, does not burn the det not groz 
Wood which it enters into; or that a Musket Bullet does ot ner bare. 
not burn the Wood which it penetrates, though it be very 

dry; this contradicts the Opinion of thoſe only who pre- 

tend that Heat conſiſts in the Swiftneſs of the Motion of 

all ſorts of Bodies how groſs ſoever. But this Objection 

makes nothing againſt us, who affirm, that Heat conſiſts 


in the different and violent Agitation of the inſenſible 


(1) The Principle or Cauſe of Heat) Is not the Heat it ſelf. p 
arts 


grows bot, 
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Parts of Bodies, But when a great Bullet moves very 
quick, its Parts may be at reſt with reſpect to each other, 
and therefore it is no wonder that they don't burn the 
Bodies which they touch, 
21. Whythe 21, If we reflect upon what has been ſaid, we ſhall 
Nave of a not at all wonder, that the Bands of Iron which are about 
canes a Wheel do not grow hot as it does in the Middle ; for 
and not the though they deſcribe larger Spaces by their Motion, yet 
Fellows. notwithſtanding this, their Parts are not agitated with re- 
ſpe& to each other, as thoſe in the Middle are, which 
continually rub againſt the Axle-tree. 
22. Why a 22, We may very eaſily anſwer a great many-Queſtions 
Piece of Iron which may be put to us by thoſe who will not allow that 
— the Form of a hot Body conſiſts only in the Motion of its 
but not the ſmalleſt Parts: Thus when they ask, how it is poſſible, 
Fil. that when a Piece of Iron fixed in a Vice, is filed, the Iron 
grows. conſiderably hot, but the File which moves upon it 
is ſcarce warm at all: It is eaſy to anſwer, that the Parts 
of the File moving upon the Iron, and continually grating 
it, not only with its own Parts, but alſo with ſome of 
the Parts of the Iron which it has rubbed off, and which 
remain ſometime between its Teeth, muſt neceſſarily ex- 
Cite a very great Agitation of the Parts of the Iron 
which is filed, and conſequently heat it very ſenſibly. But 
this is not the Caſe of the File ; for though its Parts are 
grated as much as thoſe of the Iron, yet becauſe it is 
longer, the ſame Teeth do not twice together touch the 
Body which it grates, but there is always ſome ſmall 
diſtance of Time, between the two Rubs of the Parts 
of the File ; during which time, that Place which may 
have begun to acquire ſome ſmall Heat, may loſe it 
again. 
23-WhyIron _ 23. There are ſo many Things to be conſidered in this 
when it is Experiment, that a ſmall Difference alters all the Circum- 
= grows ſtances. Whence it is, that a Piece of Copper or Lead, 
bes Merats, When it is filed, ought not to grow ſo hot as Iron, both 
becauſe Copper and Lead are not fo ſtiff, and becauſe it 
is eaſier to ſeparate their Parts than the Parts of Iron; 
ſo that the File being never applied twice together to the 
ſame Part of the Body which it grates, it cannot ſhake 
its Particles ſo much: And this is ſo true, that if we try 
to file a Piece of Copper, with an old worn File, which 
will ſhave off but a little at a time, the Heat will be as 
great as that produced in the Iron. 


24, Now 
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24. Now if any one asks, why, in ſawing a Plank 24. 9 a 
of Wood, the Saw grows hot and not the Wood: I an- 4 
ſwer, that the Plate of the Saw, ſticking in the Slit of 26 


the Wood, and being rubbed againſt each Side, the 
Parts of it muſt be ſenſibly ſhaken : Whereas it is evi- 
dent, that the Plank ought not to grow hot in the Place 
againſt which the Teeth of the Saw go, for the Reaſon 
juſt now given, viz. becauſe it cuts the Parts off; nei- 
ther ought it to grow hot on the Sides, eſpecially if the 
Wood be eaſy to ſaw, becauſe the Saw advances further 
and further into the Slit, and ſo does ſcarce twice toge- 
ther touch the ſame Part of the Wood. 

25. It is true, that if the Wood be very hard, and 
difficult to ſaw, and if the Saw ſticks in the Slit which it 


makes, the Plank will then become pretty hot; but we may grow 
ſhall not be able to perceive it by our Touch, becauſe b. 


the Parts of the Wood being large, loſe their Motion in 
a Moment, and it will take ſome time to pull out the 
Saw, and to open the Slit ſo wide as to put our Hand in 
to feel. But though we cannot perceive it by our Touch, 
we may fee it with our Eyes ; for the Places againſt 
which the Saw for ſome time grated look burnt, as if 
they had been in the Fire. And it happened ſome time 
ago, that deſignedly ſawing a Piece of hard Wood, fixed 
in a Vice, in a Smith's Shop, with a Saw which ſtuck 
in the Slit it made, I at firſt perceived a Smell like 
burnt Wood, and continuing to ſaw the Wood with 
greater Force, ſeveral Sparks came out of it, 


26. The Experiment which ſeems to be the moſt con- 26. Why a 


trary to the Principle we have laid down, is, that if we 


drive with a Hammer a large Nail into a piece of hard ,# 
Wood, we ſhall not find it grow warm while it is dri- with a 


vingin, but after it is in, and the Hammer does nothing 


elſe but beat the Head flat, then it will begin to acquire grow bot. 


ſome Heat : Yet is there nothing in this, but what per- 
ectly agrees with our Notion of Heat. For as we make 
it to conſiſt wholly in the Agitation of the ſmall Parts 
of the Body ; it is certain, that the Nail ought not to 
grow hot, when it is moved all together in entring into 
the Piece of Wood ; but that it ought then to begin to 
grow hot, when it ceaſes to move ſo, and its Head begins 
to be made flat; for it is then only that the ſmall Parts 
degin to be in Motion, and acquire an Agitation ſuffici- 
ent to Heat, And indeed, when the Head of a Nail is 
made flat, all that is done, is, that there are by that Means 
fewer Parts placed one upon another, and more by _ 

other's 
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27. That 
Flame ought 


to be very 
Hor. 


28. Hiw a 
Body that 13 
not ſo much 
agitated as 
Flame may 
yet be Hotter. 


29. Why 
Sca- Coal 
eorll burn 
more than 
any (ther. 


comes under our Senſes. 
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other's Sides; which cannot be, but by the Motion and 
Agitation of theſe Parts, which by their beating againſt 
each other, cauſe that trembling in which Heat conſiſts. 

27. Having thus endeavoured to anſwer the Objections 
that might be made againſt us; we come now to draw 
ſome Conſequences from what we have laid down; be- 
cauſe if theſe agree with Experience, they will help to 
confirm us in this, that we are not far from the Truth. 
In the firſt Place then, let us conſider, that ſeeing Heat 
conſiſts in a certain Motion, or a certain Agitation of 
the ſmall Parts of a Body ; it is certain, that the more 
the Parts of the Body are thus moved or agitated, the 
greater. will the Heat be, Now it is evident, that 
(1) Flame is more agitated than any other Body which 
For, for Example, it is this 
violent Agitation of the Parts of the Wood which nou- 
riſh the Flame, that makes the greateſt Part of them 
fly away, and that of all the Wood that can be burnt in 
a Day, ſo very little remains in Aſhes ; which we do 
not find in the forementioned Inſtances, where there is 
only a moderate trembling of the Parts of the Bodies 
which is not ſufficient to diſ-unite them entirely, And 
this is the Reaſon why Flame ought to be the hotteſt 


Thing in the World, as every Body knows it is. 


28. However, this muſt be underſtood with ſome Re- 
ſtriction, that is, if they agree in all other Particulars ; 
for it is not inconſiſtent herewith, that there ſhould be 
ſome Bodies hotter, and more capable of heating than 
Flame, if they conſiſt of more ſolid Particles, and 
conſequently ſuch as are more capable of Agitation; 
wherefore Iron, though it be not red hot, will burn more, 
if we touch it, than the Flame of Straw, or Spirit of 
Wine will do. 

29. The Difference that there is betwixt the Groſſneſs 
of the Particles into which the Bodies that are burnt are 
reſolved, is the Cauſe of ſo much Difference in the Flames. 
Thus, Oa# being more ſolid than Straw, but not fo 
ſolid as Sca- Coal; their Flames are alſo proportionably 
more or leſs burning or ſtrong one than another: And 
the Uſe that Smiths make of them, according as they 
have occaſion, ſhows plainly, that Sea-Coal acts more 
ſtrongly than all other, becauſe when they would heat 2 


(i) Flame is mire agitated) Con- Fire, See Part the Ilid, and the 
cerning the Nature of Flame and whole ix, Cbap, with the Notei. 
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piece of Iron very much, they prefer this Coal to all 
others. 2 | 

30. When a Body melts, and liquifies, as I may call 3%: Bw 
it, by little and little into Flame, it is impoſſible but that %%% Rade, 
the Particles which flip and rub one againſt another, muſt and dimi- 
be diminifhed and broken into a thouſand Pieces, and ſo = _ 

: a . ulkof them. 

make a very fine Duſt, which, that it may continue to 
move with that violent Agitation which it has acquired, 
gets off from that Maſs of which it was before a Part, 
and flies into the Air; which is what we call exha- 
ling or evaporating : And hence it is, that the Fire 
has the property of diminiſping all Bodies which it acts 
upon. 
__— This being allowed, there is no Difficulty in re- 31. wy 
ſolving that Queſtion commonly asked, viz. How it is Heat bar. 
poſſible that Heat ſhould produce at the ſame time two —— 
ſeemingly contrary Effects: Such as hardning of Clay, Wax. 
and /oftning of Wax. In onder to this, we need only ob- 
ſerve, that Clay is compoſed of two Things that are 
very different from each other, viz. Earth and Water; 
the Latter of Which may very eaſily be evaporated, be- 
fore the Particles of the Former are conſiderably ſhaken ; 
and ſince the Clay is ſoft for no other Reaſon, but becauſe 
the Particles of the Water are in ſome ſort of Agitation, 
amongſt the Particles of the Earth, to which they be- 
long; it muſt needs be, that when the Water is all eva- 
porated, and the Particles of the Earth remain alone, 
they will reſt againſt each other, by their own Weight, 
and ſo by that means compole a hard Body, On the con- 
trary, the Parts of Wax are pretty near equal; ſo that 
the groſſer Particles are agitated before ay conſiderable 
Quantity of the ſmaller ones can fly away. And there- 
fore all the Particles of a Piece of Wax being a little in 
Motion at the ſame time, compoſe together a ſoft 
Body. 

_ It may be obſerved alſo, that the Heat muſt be 32- That the 
but moderate, 1% harden Bodies: For if it be very vio- —_— 
lent, it will make them liquid. And thus we ſee, that great, 2 
Flame melts not only Metals, but alſo Aſhes, Sand, 5arden Bo- 
Stones, and Flints, of a Compoſition of which all Sorts 4e. 
of Glaſs are made, 

33. From the different Degrees of Heat, and the-va- 33. Hew 
rious "Texture of the Parts of which a Body is compo- ny 
led, we may conclude, that very different Effects will be 
produced: For firſt, If a Body, whoſe Particles are very 
cliſe to one another, be conſiderably hot, whatever the 


Figure 
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Figure of theſe Particles be, ſo they be not exactly round, 
when they are agitated or turned round their Centers, their 
angular Points, or the Parts which are moſt diſtant from 
the Center, muſt neceſſarily meet one another, and turn 
one another out of the Way ; whence it follows, that 
the Heat will cauſe a Rarefaction in this Body, as we ſee 
in Milk, and all other Liquors ; and alſo in moſt hard 
Bodies, in which few or none of their Particles fly off 
when they are hot: Thus red-hot Iron is ſomething big- 
ger than when it is cold, 


5 34. But if the Particles of a Body be very ſmooth, and 
thers,, - eaſy to be put in Motion, and yet are ſo placed with reſpect 
to each other, as ſcarce to touch one another, ſo that the 
Compoſition is very rare; a very little Heat coming upon 
it, and ſhaking the Particles, may cauſe them to approach 
nearer one another, and the whole Body may be by this 
means condenſed, And thus we experience, that Heat 
when it melts Snow, reduces it into a leſs compaſs. 
35. Why 35. And becauſe the Particles of almoſt all liquid Bo- 
Water, oben dies muſt every Moment bend themſelves, or ſome way 
near from. Alter their Figure, in order whereunto, they muſt be mo- 
ing, is rarer Ved with ſufficient Force; therefore if the Heat, or that 
ban when which forces them to move, or ſo agitates them as to 
3 make them liquid as uſual, does almoſt wholly ceaſe, 
all that the Particles can do, with that little which they 
have remaining, will be to move themſelves without 
bending ſo much as is neceſſary to join them together: 
And then the Liquor will be rarified a little, and after it 
is ſo rarified, the Addition of the leaſt degree of Heat, 
will cauſe its Parts to approach nearer one another again. 
Thus Water is a little rarified before it freezes, and is 
condenſed again by the leaſt Heat that can be. But be- 
cauſe ſome Skill and Pains is requiſite to prove this by 
Experience; 1 will ſet down the Means I made uſe of 
to make it appear ſenſibly. 
36. 4 Ex- 36. I cauſed a Glaſs Veſtal to be made like that in the 
periment to Figure, the largeit Mouth of which is at A, and the other 
en var at B, the End of the ſmall Tube BC, which is very flen- 
tir. der: I poured Water into the Hole A, till the Veſſel 
rremely cold, was full, and conſequently *till it aroſe up to D, in the 
3 ſmall Tube, then J ſtopped up the Mouth A cloſe with 
Fig. 10. ſoft Wax, and a Hog's-Bladder tied on: Having thus 
prepared it, if the Heat of the Air be ſo diminiſhed, 
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that the Water be very near freezing, (1) it will ſwell, 
and riſe up to the Mouth B, where it will ſometimes run 
over a little: Then, if we put our Hand or any other 
Thing that is warm, to the Veſſel, we ſhall ſee the Wa- 
ter condenſe it ſelf, and ſink in the ſmall Tube almoſt 
down to the Bottom C. It is true indeed, that if we 
continue to heat the Veſſel, the Water contained in it, 
will begin to dilate it ſelf again, the Reaſon of which, is 
that which I have now given. 

37. Becauſe we can move our ſelves with greater Eaſe 37: bat | 
in the Air than in the Water, this is a Proof that the age, 
Parts of the Air are much finer than thoſe of Water, may be de- 
Wherefore the leaſt Heat that can be, muſt dilate the 7/74 
Air; and conſequently, The Quantity of the Rarefattion of faden of 
the Air, will very exaftly ſhow the Quantity of Heat here the Air. 
on the Earth; that is to ſay, we can judge that it is hotter, 
one Day of the Year than another, by obſerving in which 
of thele two Days, the Rarefaction of the Air is greateſt, 

38. Now in order to make this Rarefaction ſenſible, 3. 4 Pe- 
there has been invented in our Days an Inſtrument called ſcription of 
a Thermometer, pretty like that in the Figure: DF is a „e. 
very ſmall Tube of Glaſs about two Foot long, like a Tab. Iv. 
Neck belonging to the Bottle A, which is Glaſs alſo, Fig. 1. 
and about as big as a Tennis-ball. The lower End is 
bent and made large, ſo as to form another Bottle marked 
F, which needs not be fo big as the Bottle A, and has a 
ſmall Hole made in it at B. 

39. The Thermometer is at firſt entirely empty, that is, 39. The 
full of Air only, part of which is forced out, by heating reer, of 
the Bottle A, at the ſame Time that the other Bottle F is . the ſe 
dipped into a Veſſel of Aqua-fortis, tinctured of a Green of eb» There 
Colour, by diffolving a Piece of Copper in it. We e. 
chooſe Agua-fortis rather than common Water, becauſe 
it is not ſo ſubject to freeze, and does not ſo eaſily eva- 
porate. As the Air remaining in the Thermometer grows 
cool, .it has not Force enough to preſerve that Bulk which 
it had before, and ſo is obliged to retire up into the Glaſs, 
and leave Room for the Aqua- fortis, which by its own 


(1) Ii will fell) Becauſe its 


Parts are made ſtift, by the Mixture 
of Nitrous Particles, ard of other 


by ſtopping the Motion of their 
Parts conttacts and condenſes Glaſs — — 
and other Bodies. See the Experi- * 


Salts. (See the Notes on Art. 34.) 
However it muſt be acknow'edged, 
that ſomething ought to be allowed 
for the Contraction of the Glaſs. 
For as Heat by encreaſing the Mo- 
tion of the Parts, diiates and ex- 
tends Glaſs and other Bodies, ſo cold 


VO I. I. 


ments of the Acad. del Cimento, 
p. 109, Cc. The Water therefore 
a little before it freezes, riſes in he 
Tube C8, partly becauſe it is a li'tle 
rarified, and partly becauſe the 
Glaſs AC is a little condenſed by 


the Cold . 4 
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Weight, aſſiſted by that of the external Air, gets into 

the Bottle F, and from thence riſes up in the Tube to- 
Tab. IV. wards C. After this, the Inſtrument is taken out of the 
Veſſel in which it was dipped, and without doing any 
Thing more than fixing it in a Wooden Frame, marked 
with ſeveral Diviſions, it ſhows how much hotter it is 
at one time than another, 

40. For the more the Green Liquor is forced to de- 
ſcend by the Rarefaction of the Air in the upper Part of 
the Tube, the hotter it is in the Place where the Ther- 
mometer is fixed : And on the contrary, it is a Sign of 
greater Cold, when this Liquor riſes higher, becauſe this 
ſhows that the ſame Air has not Force ſufficient to pre- 
ſerve its Bulk, but is obliged to give way to the Aqua- 
fortis, which the Weight of the external Air that preſles 
upon the Hole B, continually forces to rife up as high as 
it can in the Tube DF. 

41. That 41. However, we muſt take care not to be deceived 
7515 ee in the Judgement we make of the Heat, by barely look- 
mot exa&?ly ing on the Thermometer ; beeauſe the Weight of the Air 
diſtinguiſh being not always equal, it may be, that the Air will preſs 


40. The 


Reaſon of 
ebis Uſe, 


ee = more upon the Liquor contained in the Bottle F, at ſome 

tbe EY Times than at others, and conſequently force it to riſe 
higher in the Tube FD, and may occaſion us to think 
that it is colder than it was before: When perhaps the 
Heat of the Air was neither greater nor leſs. 

42. A De- 42. This occaſioned the making another Sort of Ther- 


2 oF mometer not long ſince, which has but one Bottle or. Glaſs 


Thermometer Only, and has a long ſlender Neck as is here repreſented. 


Tab. Iv. At the Hole A is put in as much Spirits of Wine as will 
Fig. 22 fill the Bottle quite full, and the Neck alſo as high as the 
Place marked B, and then putting the End A into the 
Flameof a common Lamp ſuch 2s Workmen uſe, ſtop up 
the Mouth there, and then the "Thermometer is fniſhed, 
2 Why 43. When the Heat of the Air increaſes, the Spirits 
the Heat 


3 of Wine dilate and riſe above B, and ſo force the Air in 
Air is this the Part of the Neck BA to condenſe. Which it 
Thermmeter may eaſily do, becauſe when it was incloſed here, it 
8 was very much dilated by the Flame which melted the 
Glaſs, in order to ſtop the Hole A. On the contrary, 
when the Weather grows cold, the Spirits of Wine 
contract into a leſs compaſs, and deſcend below the 
Place marked B, and permit the Air to extend it ſelf be- 
yond its Limits. By this Thermometer therefore we judge 
whether it be more or leſs hot, by the rifing and 
falling of the Spirits of Wine; and we need not fear 


the 


2.— 


Ali 
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the Inequality of the Weight of the Air, becauſe it 
cannot get in, to make any Alteration in our Obſerva- 
tions. 


44. Though the Fault in the foregoing Thermometer is 44, A Do- 
remedied in this, yet has this another of as ill Conſe- 8 


quence, vi. That becauſe the Spirits of Wine dilate and 
condenſe but very ſlowly, we cannot ſoon enough per- 
ceive the Alteration that is made in the Heat or Coldneſs 
of the Air. And there is another Fault ſtill, (if it be 
not made larger than they uſually are) which is, that the 
Spirits of Wine, being not capable of a very great Ra- 
refaction, its Riſing and Falling in the Neck of the Bot- 
tle will not be of ſo great Length, as to diſtinguiſh the 
ſmall Changes that happen in the Heat of the Air. But 
one Remedy of this, is, as I ſaid, (1) to make the Ther- 
mometer very large. I have one in which the Difference 
betwixt the greateſt and leaſt Height of the Spirits of 
Wine is above three Foot. 


45. After what has been ſaid concerning Heat, there 45. by 
remains nothing more to be explained, but that which Line grows 
we experience in Lime, when either Water is poured upon ig pps 
it, or it is put into Mater: And this may ſerve to explain poured upen 


why other hard Bodies grow hot as ſoon as certain Li- “. 
quors enter into their Pores, In order to our Satisfaction 
in this Matter, we need only conſider, that the Stone 
of which Lime is made, has ſo very ſmall Pores that the 
Water can ſcarce enter into them; but after it is put 
into the Kiln, the Fire which penetrates it, carries away 
ſome of the internal Particles, and by that means enlar- 
ges the Pores ſo much, that afterwards the Particles of 
the Water can eaſily enter, being only ſurrounded by 
the (2) Matter of the firſt Element : Wherefore being 
freed from the Matter of the Second Element, when they 
enter into the Pores, they can eaſily acquire all the Force 
of the Firſt Element in which they ſwim ; ſo that mo- 
ving very quick, and being alſo pretty groſs, they have 
Force ſufficient to diſ-unite the Parts of the Lime, and 
to carry the ſmall Duſt of it along with them: And it 
is principally in the Agitation of this Duſt that the Heat 
of the Lime conſiſts, 


(1) To make the Thermometer) eaſier and quicker, and the Diffarene e 
This Inconvenience may be remedied of the Degrees of Heat may be 
by bending the Neck of the Ther- more eaſily obſery'd- 
mometer into a Spiral ; for by that (2) Matter of the Firſt Element) 
means the Spirits of Wine will riſe See the Notes below on Art. 48. 
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e 


wery potent Principle (namely At- 
traction) ⁊bbicb atts upon them only 
when tbey approach one an«ther ; and 
cauſes them to meet and claſh with 
great Violence, and to grow bot with 
te Mat ion. Newt. Opt. pag. 355. 
But becauſe Heat does not conſiſt in 
every Motion, but in a peculiar Mo- 
tion (and of certain Particles per- 
Haps) of the ſmall Particles of all 
Bodies; if the Fermentation or E- 
bulition ariſes from the Mixture ot 
ſuch Sort of Salts as produce Cold, 
(See the Notes on Art. 54. below ) 
the Fermentation may not only be 
attended with no Heat, but with a 
ſenſible Cold. Thus Sa/t-petre mix- 
ed with \pirit of Vitriol or other 
ac d Spirits ; allo wilatile Salt of Us 
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cold during the Fermentation. (See 
the Pbilaſapb. Tranſactions N. 274.) 
Alſo Sal Armoniac mixed with a 
double Quantity of Oil of Vitriol 
will bubble up and ſwell very much, 
and yet the Liquor at the ſame time 
feel very cold. See the Exper. of 
the Acad. del Cimento, p. 153. Nay 
further, from the Motion of ſome 
Salts which ere naturally in all Wa- 
ter, it is, that Water it ſelf inclo ; 
ſed in a Glaſs, and put into a larger 
Veſſel full of Water, if red-hot 
Coals be thrown into the Water in 
this larger Veſſel, will firſt grow 
cold (as appears by applying a 
Thermometer to it) before it re- 
ceives the Heat communicated by 
the Water which ſurrounds it. 


they 


1 _ How 7 45. There is no need of wetting Hay in order to have they 

_— 7 moi 3 . * 

3 Hay —— it grow hot of it ſelf, it is ſufficient, Fit be heaped up (win 

i bot, 20hilſt it is green; for every Spire of Graſs contains in it durir 
= ſelf enough of the Moiſture which it ſucks out of the conf 
—_ Earth, the Particles of which go and come out of one we 
|= Spire into another, and ſwim at firſt in the Matter of com 
Wi the Firſt and Second Element, where conſequently they 4 
Iv have only the Velocity of the Second Element. But af- will 
* b terwards when the Graſs grows dry, their Fibres ſhrink, the 
. and their Pores grow fo ſmall, that the earthy Juice guif 
1 which runs out of one into another, ſwims in the Matter Dol 
1 of the Firſt Element only, whoſe Velocity it then obeys, part 
nr and ſo has a Force ſufficient to move the groſſer Parts No 
= of the Hay, and to heat them by that Means. of 
= 47. Why 47. I faid expreſsly, that the Hay muſt be heaped ; wit 
= 4 that the Particles of the earthy Juice which come out par 
RES t 14 ſcatte- : . : 
_* red der n Of one Spire of Graſs may enter into another with all the 
Wil beat. their Motion ; becauſe if the Hay be ſcattered in the Sue 
5 Meadow, the Juice which comes out of the Spires of a } 
_ Graſs, is difiipated in the Air; and does not enter again but 
_ 1 into others, to cauſe that Agitation which is neceſſary to ch. 
. produce Heat. | Bc 
. 48. How 48. As to the Heat which ariſes from the Mixture of cu 
WI 7200 Liquors two different Liquors, we need only imagine (1) that M 
48 a+ ow thaw Particles are of ſuch a Figure, that they can more 
5 A cloſely unite when they are mixed together, than when W 
; 5 oe. mixed toge- 
Ins tber. (1) That their Particles) Since rine with diſtilled Vinegar or Spi- he 
Ang there is no ſuch thing as this Firſt rit of Vitrio, ; alſo Sal Armoniac and ' 
5 3 Element, by all theſe Experiments, it Corrofive Sublimate reduced to a CC 
'; 0 appears, that in Fermentationt, the Powder ſeparately, and then mixed F 
* Farticles of Bedier, wubich almoſt together; if diſtilled Vinegar be pour- 
5 reft, are put into new Mations by a ed upon them, they will be veiy 
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they are ſeparate ; and when they are fo mixed, they _ 


ſwim in the Matter of the firſt Element only, at leaſt, 
during that little Time we fee them ferment : Which is 
confirmed from hence, that after the Fermentation ceaſes, 
we find many Particles united together, and that they 
compoſe a great many ſmall hard Bodies. 

49. Having thus explained the Form of a hot Body, 


165 


find out the 


will be eaſy to determine that of a cold Body, which is Nature of 
the direct contrary : For if we conſider, that Cold extin- Cold. 


guiſhes, or rather diminiſhes Heat, there will be na 
Doubt, but that thoſe are cold Bodres, which caufe that 
particular Motion in which Heat conſiſts to ceaſe : 
Now we know that this Property belongs to three Sorts 
of Bodies: Firſt, to ſuch as have their Particles at Reſt 
with reſpect to each other. Secondly, to ſuch whoſe 
Particles may be in ſome Agitation, but leſs than thoſe of 
the hot Body to which they are applied; and Laſtly, 
Such whoſe Particles may be ſufficiently agitated with 
a Motion proper to excite in us the Senſation of Heat, 
but is attended with a different Determination which 
changes and ſtops the Motion which the Parts of our 
Body are in, and therefore cool it. The whole Diffi- 
culty therefore is, whether Cold conſiſts in one of theſe 
Modes only, or in each of the Three. 


50. Now fince there are Three Sorts of cold Bodies, 50. Wat 


we may affirm, that Cold conſiſts in each of theſe three 


there are 
three Sorts 


Modes. For, Firſt, The Cold which is common to all ef cold 
hard Bodies, cannot conſiſt in any Thing but what is Bodies. 


common to them all, viz. in the Reſt of their Particles: 
Further, the Cold which we feel in Summer-time, when 
we go into the Water, eſpecially when we are up to 
the Middle, ariſes from hence, that the Particles of the 
Water having leſs Motion, than our Bodies have in all 
thoſe Parts which are near the Heart, they receive ſome 
Motion from us, and at the ſame time we loſe it. And 
of this we have a very convincing Proof, becauſe the 
ſame Water feels many times warm when we dip our 
Hands into it, becauſe they are not ſo hot as our Breaſt. 
Laſtly, It is evident, that the Breath which comes out of 
our Mouths, when we contract our Lips, or the Air 
which we put into Motion with a Fan, in the Heat of 
Summer, ought to cool us; if we conſider that the di- 
ect Motion of them diminiſhes or alters a little, the 
Determination and Agitation of that Motion which is in 
the Part of the Body where we feel it cool, 


M 3 51. For 
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nz P 


166 ROHAULT's SYSTEM Part J. 

51. Why a 5 1. For a Confirmation of this, we may obſerve, that 
| — IE cold Bodies cannot make any Alteration in the Motion of m_ 
b en:ther, hot Bodies, without as much altering that Mode in which be as 
i warms it their own Coldneſs conſiſts ; that is, @ cold Body cannot dies 
1 FL. cool another, without growing warm it ſelf, and ſo we hic 
} find by Experience. quit 
g 52. Vb 2. We may obſerve further, that the more Particle jou 
; 2 cold Body has at Reſt, the more thoſe of a hot Body int 
1 are colder 0 : k mad 
4 eban otbers, to Which they are applied, ought to loſe of their Moti- 
| on, in order to communicate ſome of their Heat to the = 
1 other. Thus Marble having more Particles at reſt than 
N Wood which has more Pores, and is full of a Liquid Mc 
q Matter which is in continual Motion, ought to feel cold- * 
1 er than Wood. _ 
53. Why 53. This alſo may ſerve to explain to us, why the Air 1 
the Air which is near Marble, or other Bodies, which have ver) ” 
near a eld forall Pores, ought not t9 be quite ſo warm, or ought to be a 4 
Bey 4"Jittle cooler, than that which is in Places where ſuch Bodie 1 

r chan in little cooler, ) ces where ft 5 
other Places. are not, For the groſſer Parts of the Firſt and Second = 
Element, which cannot enter into the ſmall Pores of ” 
theſe Bodies, mult necefiarily be reflected back from 8 
them; and for the moſt part there is only the moſt ſubtil 
Matter about them, which is ready to enter into them, 15 
; or which cannot but come out of them; and conſe- 4 
£ quently this 1s not able to agitate the groſs Particles of the 
: Air, which are proper to raiſe in us the Senſation of R 
Heat. } 
«4. Why 54. When I fay that Bodies which have more Parti- 7 
Snow feels cles at reſt, ought to feel colder than others which have 
__ mm fewer, I ſuppoſe that the Particles of each of theſe Bo- ; 
aries ; L . L t 
dies are equally ſuſceptible of Motion; for if we ſup- | 


poſe that the Particles of a Body are very eaſily to be 
put in Motion, and to loſe their Reſt ; this Body, though 
very porous, ought much rather to receive within it ſelf 
the Agitation of a hot Body, and by that means cool it, 
than another Body which has fewer Pores and more Parts 
at reſt, but ſuch as are not ſo eaſie to be moved. And 
hence it is, that when we touch Sew, which is very 
rare, it cools us much more than when we touch Mar- 
ble, whoſe Particles are much leſs capable of being put 
into Motion, (1) 


55, The 


(1) It is much mcre probable 
that Cold (which is not merely 
compar ative, as thit of fimily Hex 
or Liquid Bodies is; bet pio- 


duces real Effects, fuch as Free- 
zung, Breaking in Pieces, Raieſec- 
tion, Ec.) is owing to ſeme Par- 
ticles of Ne ind cther Sa/ts 
which 
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55. The Nature of Heat and Cold being ſuch as I 55. How 
have now deſcribed, if you call to mind what was __ = 
before ſaid concerning the Form of moiſt or liquid Bo- arying. 
dies; it will be eaſy to underſtand how Heat and Cold, 
which are direct contrary Qualities, may yet, though by 


quite different and oppoſite Ways, produce one and the 


ſame Effect, viz. Drying or Hardning: As we experience 


in this, that the ſame Things, as Clay, for Inſtance, are 
made as dry by the Cold in the Winter, as they are by the 
greateſt Heat in the Summer : In order to underſtand 
the Reaſon hereof, we need only conſider, that the Parts 
of moiſt or liquid Bodies, ſuch as Water, loſe all their 
Motion when it is very cold ; wherefore fince ſuch Bo- 
dies by this Means acquire the Form of hard or dry Bo- 
dies, it is not at all ſurprizing, that Clay which is com- 
poſed of Water and Earth, ſhould grow hard and dry, 
when the Weather is very cold ; ſeeing the Water alone, 
to which all the Softneſs of the Clay is owing, freezes 
and grows hard, On the contrary, Heat cauſing the 
Parts of the Water, by whoſe Means the Matter of the 
Firſt and Second Element kept the terreſtrial Parts of the 
Clay in ſome ſort of Motion, to evaporate ; theſe ter- 
reſtrial Particles, by their own Gravity, will be at reſt 
with reſpect to each other, and by that Means compole a 
dry or hard Body. 

56. Hence we may alſo ſee the Reaſon of a Maxim 56. sy 
founded upon a Multitude of Experiments, viz. That — 
Heat and Moiſture are Principles of Corruption, For a Principles of 
Body is corrupted when there is a very remarkable Change Cerruprien, 
in it, which doubtleſs may be effected by ſuch a Mo- 
tion as this. Now theſe two Qualities conſiſt in this 
Motion. 

57. On the contrary, by Reſt, the Parts of Bodies are 57. Why 
kept in the ſame Situation, and Cold cauſes them to be On ! 
at Reſt; wherefore we may lay this down for a Maxim, * 
That Cold hinders Corruption. 

58. However we muſt not affirm this to be a general 58. * a 
Maxim. For if a Body has Pores large enough to contain 27% l 
2 good deal of Liquor, and theſe Pores be filled with Saen. 
Water ; becauſe Water cannot freeze without dilating 
it ſelf, it may ſo happen, that in freezing it may break 


mary other Volatile Alkal;zate Salts, 


which are of certain Figures pro- 
make the Water with which they 


per to excite that Senſation, and 
to produce thoſe Effects. And are mixed very cold. See above on 
hence it is, that Sal Armoniac or Art. 48, 

Salt-Petre, ox Salt of Urine, and 
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Parts of ibe 
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51. A Cor- 
frmation of 


this, 
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the Body, which contains it, in Pieces. And thus we ſee 
the ſoft Stones, which are expoſed to the Froſt, crumble 
and are reduced almoſt to Powder, before the Water which 
they have ſucked in, can get out. 

59. This perhaps is the Reafon of what is ſaid by ſome 
of the Antients, That a hard and penetrating Froft has a 
Power of Burning. However, it very often happens, 
that we aſcribe that Effect to Froſt, of which it is onl 
a very diſtant Cauſe, and which is immediately produ- 
ced by Heat. For Example, when we ſay, that Froſt 
corrupts Fruits and the Buds of Plants, we ought rather 
to ſay (1) that the Heat corrupts them whilſt the Froſt is 
diſſolving, becauſe it cannot get into the Pores of the 
frozen Fruits, nor make the internal Parts ſo ſoft as 
they were before they were frozen, without having firſt 
intirely deſtroyed the Connexion and Order of the other 
Parts, nor conſequently without having altered the whole 
Compoſition of the Parts. 

60, For Proof of this we may obſerve, that it is the 
extreme Parts of the Plants, which always contain in 
them more Moiſture than the other Parts, that are al- 
moſt the only ones corrupted by the Cold, and alfo that 
the Cold does not hurt them till after they are budded ; 
for before they bud, the Cold does not hurt them ; for 
which we can give (2) no other Reaſon but this, that 
Plants before they put forth their Buds, are not ſo full of 
watry Juices, and their Pores are large enough to ſuffer 
the ſubtil Matter, to put thoſe Parts which may have 
loſt their Motion into Motion again, without neceſſarily 
deſtroying the Connexion of thoſe it firſt acts upon, 
and which are more external, before it comes to apply 
it ſelf to the other which are more internal. 

61. For a Confirmation of the Truth of the foregoing 
Art. we may add, that in Northern Countries, where 
the Cold is fo great, that a Man cannot go into the 
Air without running the hazard of having the extreme 
Parts of his Body frozen; i their Noſes or Fingers be 
frozen, they do not life them, if they keep from the Fire, 
and rub them with handfuls of Snow. 


„) That the Neat corrupts them) 
However for the m-| part, the Par- 
ticles of the Juice b-iag dilated and 
made ſtiff by the Cold, break in 
Pieces, and ſpoil the tender P:r's of 


the Buds, as is obſerved by Mr. Le 


Clere in his Phyſicks, Book V. Chap, 
xiii. S 65. Though this Detect 
does not appear till the following 
Heat ſh Vs it. 

% Ns other Reaſon) See the 
Netes on the fore irg Art. 
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0 62. Having thus explained the Four principal Qualities 62. Thar the 
e that come under the Senſe of Feeling, viz. Hardneſs, Ne of 
1 Rouzhneſs 


Liquidneſs, Heat, and Cold ; there is no Difficulty in any and Smorth- 
other which may come under the ſame Senſe, ſuch as nes have n» 
© Rough and Poliſhed. For all theſe Qualities do ſo clearly 2 8 
7 follow from the Diſpoſition of the Parts of Matter only, 
, that there is no need of any Explication of them ; where- 
fore I ſhall paſs on to enquire into the Nature of Taſtes. 


EEC ² oye To lo yo heh o Toto tet o yeh 
| E N 
Of TASTES. 


T HE Word Tafte is uſed in Two Senſes, For Firſt, r. 5. 

it ſignifies that Senſation which we commonly have — of 
when we drink or eat. Secondly, we underſtand by this Taſte. ' 
Word ſomething, I know not what, in the Meat and 
Drink in which the Power of raiſing this Senſation of 
Taſte in us, conſiſts. 

2. Though Taſte in the former Senſe of the Word, 2. That alt 

cannot be exactly deſcribed, nor particularly known but MH" 4 m9 
. : perceive the 

by Experience, yet we may make this Obſervation, that in Taft in 

all Men have not the ſame Ta/te when they eat the ſame te ſame 

Meat: as appears from hence, that ſome Men can eat t. 

with Pleaſure thoſe Things which others have an Aver- 

fon to: Whence we may conclude, that it is the fame 

with Ta/ting as with Feeling: For if we touch in the ſame 

Part, two Perſons, the one in perfect Health, the other 

juſt recovered of a Diſtemper, they will be very diffe- 

rently affected, viz. the one with an agreeable Tickling, 

and the other with an intolerable Pain ; in like manner 

the ſame Meat may cauſe different Senſations in different 

Perſons. 

3. As to Taſte in the other Senſe of the Word, which 3 Ariftotle's 
we are principally to inſiſt upon, Ari/totle's Opinion is, — — 
That it is a Quality or Property of a maſt Body ariſing Taſtes, 
from an earthy Dryneſs, and a Heat on being freſh boiled. 

This Definition contains Three Things, every one of 
which have ſome Reſemblance of Truth. And firſt, I 
think Ariſtotle had Reaſon to ſay, that Tafte is a Property 
of a moitt or liquid Body, becauſe thoſe that are perfectly 
dry or hard, have no Taſte *till they are mixed with our 
Spittle. Further, if we conſider that Water has ſcarce 
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any Taſte, and Air none at all, though they be both moiſt 
Bodies, we mult confeſs, that he had Reaſon to add 
ſomething more groſs, and of an earthy Nature. Laſt- 
ly, he ought to bring in Heat, becauſe we find by Ex- 
perience, that in many Fruits it cauſes certain Taſtes 
which we did not perceive in them before they were 
prepared. 
& That Ari- 4, The Followers of Ariſtotle will readily agree to that 
—_— Ee Explication which I have given of his Definition of Taſte; 
what ie but it muſt be owned, that though he has ſaid nothing 
* but what is true, yet has he given us no Information at 
all: becauſe he has not explained what that Affection or 
Property of Body is which cauſes Taſte, nor wherein it 
conſiſts. 
5. A Miſ. 5. Some have attempted to ſupply this Defect, by ſay- 
rake in the ing, that 1: is a Quality very like that Senſation which it 
Commenta- raiſes in us; but they are not at all aware what Inconve- 
ters upan . f . . = . . 
Ariſtotle, nience this brings us into: For beſides that this gives to 
inanimate Bodies a Mode of Exiſtence, which does by no 
Means belong to them ; it would. follow from this Opi- 
nion, that two Men could never have different Taſtes of 
the ſame Meat or of the ſame Drink, contrary to what 
we have before proved. 
6. That 6. On the contrary, ſince we are already aſſured, that 
4 afte conſiſi when the ſame Meat cauſes different Senſations in two 
in the Gro/- different Perſons, one of them muſt neceſſarily have a 
_ — Senſation different from that in the Thing which raiſes 
of the Parts the Senſation, we have Reaſon to think the ſame of the 
Y OY other likewiſe. It is probable therefore, that the Faculty 
10 fle. of Taſting in us, is very like the Faculty of feeling Pain; 
that is to ſay, in order to bring this Power into Act, no- 
thing more 1s required on the Part of thoſe Bodies which 
cauſe Taſte, but that they move (1) the ſmall Fibres of the 
Nerves of the Tongue in ſuch a manner as they ought 
to be moved, and as Nature has appointed, in order to 
the Perception of Taſte; the ſame as in order to feel 
Pain, nothing more is requiſite but to move in a certain 
manner the Nerves which are the Inſtruments of Feeling: 
And becauſe nothing can move another, unleſs it be in 
Motion it ſelf, and nothing can be applied to the Nerves 
of the 1 ongue, ſo as to have any Effect upon them, un- 
leſs it be of a certain Bigneſs, and of a certain Figure: 


(1 The ſmall Fibres) Concerning Part Il. Chap. iv. and the fam 
*he Organ of Taſte, and its Deſcrip- Lewenhook's Epifh, 
tion, See Regii's Phyſ. Book VIII. 
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I therefore think, that the Form of a Body which cauſes 
Taſte, conſiſts in the (1) Bigneſs, Figure and Motion of its 
Particles, and that from the Difference which there 
may be in theſe Three Things, there may ariſe different 
Taſtes. 

7. And this is confirmed by a Truth, which follows 7. y ome 
from what I have ſuppoſed, namely, that if the Particles 39d haue 
of a Body be fo ſubtil, that they will ſcarcely or not at On 
all move the Organ of "Taſte, that Body will have no 
Taſte. And thus we find by Experience, that Water has 
ſcarce any "Taſte, and Air none at all. 

8. We may allo give a particular Reaſon why Air has 8. & parri- 
no Taſte, viz, becauſe it ſwims upon our Spittle without er Reaſon 
mixing with it, ſo as to make any Impreſſion upon the 3 
Nerves of the Tongue; by which we may alſo under- 
ſtand why fat Liquors have not ſo ſharp a Taſte as thin 
Liquors have. 

9. Further, if a Body be of ſuch a Nature, as that 9. Vy hard 
none of thoſe Parts are ſeparated from it, which are ca- —— for 
pable of penetrating the Pores of the Tongue, in order to h 71 2 
move the Fibres of the Nerves, that Body ought to have Tofe. 
no Taſte. And ſo we find, in moſt Metals, and alſo in 
Glaſs and Flint Stones. 

1o. Nor are we to think that there is any Thing in theſe 10. Ha 
Bodies, that cauſes them to have no Taſte, but only, the Meal may 
not being divided ; for the Salts which belong to the — . — 
Compoſition of Glaſs, taſted very ſtrongly before they Taſte. 
were concreted ; and Metals which are reduced to a very 
fine Powder by the Chymiſts, are of ſo ſtrong a Taſte as 
not to be born. 

11. Since Heat always increaſes the Motion of a Body; 11. V 
and ſince it is alſo very certain, that the more a Body Ju" Feats 
is in Motion, the more capable it is of moving others j,onger Tofte 
to which it is applied; it follows, that when Meat is hot, an the 
it muſt neceſſarily have a ſtronger Taſte, than when it is -_ wy 
cold ; as every Day's Experience ſhows us, 

12. It is alſo very eaſy to ſee, that the Heat, in ma- 12. #7y 
king Meat ready, cauſes the Particles to ſtrike one againſt 1 


another, ſo that the Corners of many of them mult be reach, bas a 
different 


(1) The Bigneſs, Figure and Mo- but whether the Particles of the Salt go fr bad 
ion) Others contend, that not all the only, or any other Particles, be ® 1 
Particles, but the Salts mixed with the Cauſe of Taſtes, it comes to the When raw, 
the Particles of all Bodies, are the ſame Thirg ; for we muſt neceſſarily 
Cauſes of all Taſtes ; which is hand- at laſt have recourſe to the Bignels, 
led at large by Mr. Le Clerc in his Motion and Figure of thoſe Particles. 

Phyſ. Bon V. Chaps. xii. And in- See the Notes on Art, 38. 
dzed this is very a probable Op'nion 3 
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broken off, and they by this Means divided into ſmaller 
Particles than they were before, and alſo of a different 
Figure; and this is the Reaſon, why Meat, when it is 
made ready, has a different Taſte from what it had when 
raw. 

13. As to the Difference that there is in Taſtes; ſince 
we have made them to conſiſt chiefly in the Difference 
of the Figures of the Bodies ſo taſting; of which Fi- 
gures there may be infinite Variety; this agrees with 
Experience, which diſcovers to us new Taſtes every 
Day. 

Tk This being ſo, I cannot approve of their Opinion, 
who contend for two extreme Taſtes, from a Compoſi- 
tion of which they imagine all others to ariſe, Beſides, 
that it would follow from thence, that all Taſtes would 
differ only in degree; which is contrary to Experience, 
which ſhows us, that there is a greater Difference 
than fo, | 

15. I do not fay that there can be no Inſtances given of 
ſuch extreme Taſtes, which raiſe in us the moſt diffe- 
rent Senſations; but if any ſuch are to be allowed, I 
ſhould rather oppoſe a harp or acid Taſte, to a bitter 
Taſte, and not a Sweet to a Bitter, as is commonly done; 
becauſe we do not find that a ſharp Taſte ariſes from the 
Mixture of Sweet and Bitter; but on the contrary, Sweet 


ſeems rather to ariſe from the Mixture of the other Two, 


16. What 
Actaneſs 
conſiſts in, 


T7. Why all 


as we experience in Fruits, the Sweetneſs of which ſeems 
to be a Medium, betwixt an Acid and a Bitter. 

16. To attempt to treat of every particular Taſte, 
would be to undertake a Thing impoffible, and there are 
many Things wanting in order to ſpeak with Certainty of 
the principal and moſt common ones. However amongſt 
theſe, ſome ſeem more eaſy to be underſtood than others, 
ſuch as Acid or Soure like C:itron- Fuice. For as this Taſte 
pricks the Tongue, we may from thence conclude, that 
Bodies which affect us in that manner, conſiſt of a great 
Number of long and /Iiff Particles, which in ſome meaſure 
reſemble ſmall Needles, 


17. This will ſeem the more probable, if we conſider, 


Fruits before that this ſoure Taſte is common to all Fruits before they 


bey are ripe 
are 7 ure. 


are ripe; for this is a Sign that Sourneſs conſiſts in ſome- 
thing which 1s common to them all ; but we cannot con- 


ceive any Thing elſe common to them all, but this 


Diſpoſition of their Parts, for they are all compoſed of 

the Juice of the Earth, which ſtops in the long ſtreight 

Pores of the Stock and Branches which bear the Fruits. 
18. That 


ſome 
othe! 
mad: 
have 
clud; 
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18. That we may underſtand ſomething of other 18. Far 
Taſtes, we may conſider the Progreſs of Fruits *till they I of 
come to Maturity ; for if we can but once know what * 
Figure the Particles are of, when we experience a certain Ai in. 
Taſte, it will be eaſy to conclude, that this "Taſte con- 
ſiſts in this Sort or Figure. Firſt then, ſince all Fruits 
are ripened by the Heat of the Earth and Air: (whether 
this Heat be cauſed by the Rays of the Sun, as cemmonly 
happens in Fruits that grow in Gardens, or whether it 
be produced by Fires kindled under or upon the Earth, as 
when Fruits are made to grow in Houſes, in the midſt of 
Winter;) we cannot help thinking, that a great many 
Particles of theſe Fruits are put into ſo great Motion, as 
to ſtrike againſt each other in different Manners, fo that 
ſome of the longeſt of them are broken into ſhort ones, 
others have their Points only beaten off, and others are 
made entirely round. And then it is, that the Fruits 
have a ſweet acid Taſte, Whence it is reaſonable to con- 
clude, that the feet acid Taſte of Fruits conſi/ts in this, that 
ſome of their Particles are long and ſtiff, and prick the 
Tongue, at the ſame time that a great many other of them are 
leſs penetrating, and ſo ſhip over the Fibres of the Nerves, 
without producing any thing more than a kind of Tickling. 

19. We may obſerve further, that the riper Fruits 19. How they 
grow, the more their Particles are broken, blunted and 2 Is 
made ſmall ; wherefore fince the Fruits are then ſcbeeter, N 
we ought to conclude, that the great Sweetneſs of Fruits 
ariſes from hence, that they have a far greater Number 
of thoſe Particles which can only tickle, than of thoſe 
which prick. 

20. But if Fruit continues ripening too long; there is 20. har 

no doubt, but that all its Particles will be ſo bruiſed, that Ben 
none of them will be able to prick the Tongue agreeably, A . 
but they will only tickle it in a diſagreeable manner: 
Now Fruits when they are too ripe, become bitter; whence 
it is reaſonable to preſume, that. B:!terneſs conſiſts in this, 
that all the Particles are jo broken, blunted, and made 
fmall to that Degree, that there remains no long and ſtiff 
ones amongſt them. 

21. And this is confirmed from hence, that in thoſe 21. ty 
Things which are made ready by Art, the Parts of them Meats when 
which are burnt, and whoſe Particles are beaten one a- 1 
gainſt another, and have their Corners broken off, are al- reach, be- 
ways bitter, as we experience in Cruſts of Bread, and in <= bitter. 
Roaſt-meat when laid to near the Fire, 


29, The 
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22. Why 22. The Nature of Saure, Sweet and Bitter being thus 
ng * explained, we ſhall no longer be ſurprized, that ſweet 
fle into Things, ſuch as Wine, ſuppoſe, may be reſolved into 
creo her, two other, the one of which is ſoure, or acid, the other 
e One acid, . . . . 
und the ore, bitter; for that which makes any Thing ſweet, (with 
bitter, ſuch a Sweetneſs as is agreeable to the Taſte) is compo- 
ſed of two Sorts of Particles, in the one of which Acidneſs 
conſiſts, and in the other, Butterneſs. 
23-Wbybir. 23. Neither ſhall we any longer be ſurprized, that 
= . 5 Orange-Peal, Treacle, and many purging Medicines have 
and ac;4 à heating Quality, and that acid Things, ſuch as the Juice 
Things cool. of Orange and Verjuice, are commonly cooling; ſince we 
. are aſſured, that Heat conſiſts in ſuch a Sort of Motion, 
as the ſubtil, round and blunt Particles of bitter Things 
are capable of exciting and continuing; and that on the 
contrary, the long Particles, of which acid Things are 
compoſed, being ſomething of the Nature of Water, are 
more proper to hinder Motion, that is, to quench Fire, 
than to kindle it; wherefore they ought to be reckoned 
amongſt cold Things. 
24. Hwa 24. Neither is it inconſiſtent with what has been ſaid, 
Lite Ih that we ſometimes find ourſelves cooler than we were 
. before, u ng bitter Things; for there are ſome of 
ing. „ upon eating bitter 1 hings; for there are ſome 0 
them ſo eaſy to be corrupted, that they can produce but 
a very ſmall Heat, ſuch as is ſcarce to be perceived; 
but yet this Heat may be enough to cauſe ſuch an Agi- 
tation in the Particles of our Blood, as to carry oft ſome 
noxious Matter which made it move too quick before, 
and by this Means it will be put into a more quiet State; 
and thus we may feel the Heat abated, and our ſelves 
cooler than we were before. 
2c. That the 25. I ſhall not inſiſt any longer upon the Explication 
Alteration of of particular Taſtes. It would be very tedious to go 
—_ 3 through them all, and require a great Number of very 
teration of exact Experiments, which I have not made, nor perhaps 
the Figurecf ever ſhall, But to confirm my own Opinion as much as 
5 [ can, that their Difference conſiſts in the different Figures 
be Body ; 
which we of the Particles of the Body which we taſte ; J will exa- 
taſte, mine one particularly, and make it appear, that as often 
as our Reaſon ſhews us, that there is any Alteration in the 
3 Figure of the Particles, Experience {news us alſo that there 
flance in is lome Alteration in the "Taſte, | 
Wine, and 20. Let us take Vine for an Example, and conſider it 
Wad of ES from the very Beginning, till it degenerates into ſome- 
Vire egit thing that is not at all like Wine. I obſerve in the firſt 
wo: to Laue place, that the Moiſture of the Earth, becauſe it is com- 
ar aſt, | poſed 
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poſed of the moſt minute Particles of it, has ſcarce any 


Taſte, and though in the Pores of the Wood of the 
Vine it grows in grofler Particles, and ſuch as are able to 
move the Nerves of the Tongue; yet becauſe it ſticks 
among the Parts of the Wood, and is not eaſily diſinga- 
ged from it; therefore it excites but a very ſmall Senſa- 
tion in thoſe who chew the Wood. 

27. Further, ſince the Particles of the Juice which 27. 757 « 
get into the Air and diſtill through the Stalk of the es ＋ 
Bunch, in order to form the Grapes, ſtick together, and OY * 
cannot eaſily be ſeparated ; it follows, that they can ap- Au farmed, 
ply themſelves to the Superficies of the Tongue only, _ vgs 
and conſequently that they can raiſe but a ſmall Senſa- Tafe. 
tion ſcarce to be perceived. And ſo we find by Expe- 
rience. 

28. But ſome time after, when the Particles, of which 28. Pence 
the ſmall Grapes are compoſed, are ſeparated from each —— 2 
other, either by the Heat of the Air which agitates them Taft of Ver- 
gently, or by the Acceſſion of more ſimilar Particles which 1e. 
thruſt themſelves in to increaſe the Bulk of them ; it is 
manifeſt, that they ought then to act ſeparately, and to 
raiſe the Senſation of a very ſharp Taſte, ſuch as we ex- 
perience in Verjuice. 

29. And the Heat of the Air, which increaſes as the 29. How 
Fruit ripens, continuing to move the Particles of the CO Foo 
Grapes, it is evident, that they muſt be more and more” 
blunted thereby, and ſome of them made fo very ſmall, 
as only to tickle the "Tongue agreeably, and to excite that 
Senſation of Sweetneſs which we feel in chewing the ripe 
Grapes. | 

zo. We ſee alſo, and it is an Obſervation worth taking 30. hence 
Notice of, that if it be wet Weather about the Time of — at cb 
gathering the Grapes, the Water which ſinks into the harp if it 
Earth, will afford too much Nouriſhment to the Grapes: rains during 
Wherefore as there are too great a Number of long Par-. Vintage. 
ticles, which there is not time for breaking or blunting, 
it follows, that the Grapes will not be fo ſweet as they 
would otherwiſe have been. And this is often found by 
Experience : For if it rains a little before the Vintage, the 
Wine is ſharper, or, as they call it, harſher, This the 
People of Languedoc ſeem to be aware of, who are at the 
Trouble, a little before the Seaſon of gathering the muſca- 
dine Grapes, to twiſt the Stalks of all the Bunches, that 


to they may ripen, and not receive any more new Nou- 


 tiſhment, 
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31. For a farther Confirmation of what I have ſaid, 
it is worth obſerving, that if we taſte of the Juice of the 
Grapes juſt after they are preſſed, there ought to be very 
little Difference from the Taſte of the Grapes themſelves ; 
and it ought alſo to continue its Sweetneſs for ſome time 
after it is put into the Veſſel, provided the Veſſel be well 
ſtopped. For though, while it is working, many of the 
long Particles which are intangled in one another, have 
an Opportunity of getting clear, and ſo are capable of 
pricking ; yet however they cannot cauſe any ſharp Sen- 
ſation, becauſe they act in Company with a great many 
others which have had ſufficient time to be broken and 
made ſmall, having been preſerved in the Veſſel care- 
fully ſtopped up : And this agrees very well with the 
ſweet "Taſte which we find in New Wine before it is 


fined. 


32. If while the Wine is working in the Preſs or 
Vat, and while it continued to work in the Veſſel, the 
moſt ſubtil Particles, which have moſt Motion, and which 
by reaſon of their Smallneſs were leſs ingaged with the 
other, be permitted to fly away, and evaporate into the 
Air through the Bung-hole, which is left open for that 
Purpoſe, there muſt neceſſarily remain fewer of thoſe Par- 
ticles which tickle the Tongue, and more of thoſe which 
prick it. And this is the Reaſon why we ought then to 
find the Taſte ſharper, that is, ſuch as we experience in 
Wine not quite fit to drink, 

33. After this, we may conſider the Wine in two Con- 
ditions : Firſt, let us ſuppoſe it ſtopped up in the Veſſel 
ſo cloſe, that it has not the leaſt Communication with the 
external Air, in which Caſe ſome of its Particles will be 
broken and blunted, and a great many of thoſe which re- 
main whole, will joſe their Stiffneſs, and become plyable, 
by rubbing againſt one another, and bending in that trait 
Place in which they are incloſed ; and by this Means they 
will be leſs capable of ſhaking the Nerves of the Tongue: 
Wherefore the Wine will no longer taſte Sharp, but at- 
tain that Sweetneſs which we experience in it when it 1s 
fit to drink. | 

34. And without doubt the Sweetneſs would increaſe 
continually, if the Wood of the Veilel did not change the 
Liquor a little, and permit the more ſubtil Parts of it to 
evaporate through its Pores. For a Proof of which, we 
may remember, that Wine kept many Years in earthen 
Bottles, well topped, and put into Sand in the Bottom 5 
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the Cellar, will in length of Time become as ſweet a8 


Honey. kj 094% | 

25. Me now, that the Veſſel be not ſtopped ; the 35: How it 
long Particles which ſlip by one another, may be ſo worn —_— 
as to be a little diminiſhed, but there is no Neceſſity that 

they ſhould become limber and pliable : For thoſe of 

them that are moſt limber, are at liberty to evaporate 
through the Hole of the Veſſel, and thoſe which remain 

have the more room to move. in without being forced 

to bend themſelves, So that all the Alteration that will 

happen to the long Particles which remain, is, that they 

will become more ſharp, and the Wine will be con- 

verted into a Liquor which will prick the Tongue more 
ſharply, that is, it will be turned into /inegar. 8 

36. If the Particles ſtill continue to be thus moved 36. He 
for a conſiderable time, they will at laſt be ſo worn, and rh . 
become ſo very ſlender, as to be extremely pliable; inſo- „ 7 
much, that they will have no Power at all to move the :5ar ne 
Nerves of the Tongue; and then the Liquor compoled — a 
of them can have no Taſte, and be very little different 
from Water ; as we find by Experience, | 

237. For a final Confirmation of what J have faid con. 37: 4 wt 

cerning Taſtes, !I will relate an Experiment which — 
made my ſelf: I took a Pewter Pot, and having made a 
Hole in the Bottom of it, I ſtopped it with a Piece of 
Cloth, and then filled it about half full of very fine 
Sand, fo well waſhed, as not in the leaſt to tincture the 
Water which drain'd through, and afterwards well dried: 
Aiter this, I put in a Quart of fuil-bodied Red-Wine, 
which diſtilling through the Hole below, there came out 
about a Pint of clear Liquor like Water, which had no 
Taite: Then perceiving that the Drops began to be 
tinged with Red, I took away the Veſſel which I had ſet 
under, and put another in its Room, into which there 
ran pretty near the other Pint; and this laſt was much 
leſs red, and had a much fainter Taſte than the Wine it 
ſelf before if paſſed through the Sand, Laſtly, mixing 
this Liquor with the other, which was very clear, the 
Reſult was a Liquor of a very faint Colour, and ſcarce 
any Taſte, 

38. I think no Body that knows what Sand is, can find 38. The 
out any other Reaſon for the Alteration of the Taſte of 2 
the Wine by paſſing through it but this, that the Parti- tr, 
cles of the Wine being forced to go through very nar- 
row winding Paſſages, aze bent a great many times all 

Vor. &; N Ways, 
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Ways, and (1) have the Figure and Condition of them 
changed: From whence we may conclude, that (2) the 
Form of all Bodies that have any Taſte conſiſts in the 
Difpofution and Figure of their Particles. 


(1) Have the Figure, &c.) The 
Figure of them is not altered, but 
only the Parts which have no Co- 
Jour or Taſte, are ſeparated from the 
red Parts which have a Taſte, 

(2) The Form of all Bodies, &c.) 
That Taſte confiſts wholly in the 
Figure and Compoſition of the Parts 
Is clearly demonſtrated by the fa- 
mous Mr, Boyle, from the ſarprizing 
Alteration of Taſtes, by variouſly 
compounding of Bodies. I think 
it worth while briefly to propoſe 
the Experiments made by that ex- 
cellent Perſon, becauſe they ought 
to be kept in Memory. 

Firſt, From two Bodies one of 
which it very acid and corroſ;we, the 
ber alkalious and fiery, may ariſe 
4 Body without almoſt any Tafte. 
This is done by a certain Comp*fi- 
tion of Spirit of Mitre and Nitre 
Fxed per deliquium. 

Secondly, A Body that Bas ſearce 
any Taſte may be ſeparated into tæbo 
HBodier of a very ſharp Tafie, yet 
very different from each other, This 
iz done by diftilling the moſt refi- 
ned Salt of Nitre by Inflammaticn, 
or with-a Mixture ot Clay which has 
it ſelf no Taſte. 

Thirdly, From to Bodies, one of 
which ii very bitter, and the other 
very ſalt, may ariſc a Body which 
Gas no Tale. This is done by 
ſprinkling Cryſtals of Silver dit- 
ſolved in Agua fertir with Brine 
or Salt Water, and then melting 
and preparing them on the Fire till 
they come to a Lunea Cornea as the 
Chymiſts call it. 

Fourthly, From tzvo Bodies mixed 
tag et ber, one of wwhich is very jaoret, 
and the ether very ſalt, may ariſe 
alſo a Body cobich has no Taſte, 
This is done by pouring a certain 
Quantivy of Spirit of Sal Ammont- 


ac or Salt of Urine upon red Lead 
diſſolved in Vinegar, or Sugar of 
Lead diſſolved in a proper Men- 
Aruum. 

Fifthly, From two Bodies, one of 
zwbich is acid, and the other bas ny 
Taſte, may ariſe a Body very bitter, 
This is done by ſtraining Agua fer- 
tis ſaturated with diſſolved Sthver : 
For it will afford very bitter Cry- 
ali. 

Sixthly, From two Bodies mixed 
teget ber, one of which is infipid, and 
tbe other very corroſive, may ariſe a 
Body ſweeter than Sugar. This is 
done by pouring the beſt Agua fer- 
tit upon red Lead, and then putting 
it over a moderate Fire till it is ſa- 
turated. 

Seventhly, From the ſweeteſt Bo- 
dies of all, witbeut — any ct ber 
Bodies cvitb them, may be extracted 
very cor raſi we Liguors, ſuch as vill 
diſſolve certain Bodies, Thus a Spi- 
rit that will diſſolve Copper may be 
extracted from Sugar or Honey. 

Eighthly, A Body as bitter at can 
be, may beſ-parated into two Bodies, 
one of which is very acid, and the 
other without any Taſte. Thus a ve- 
ry acid Spirit may be extracted from 
Cryfals of Silver diſtilled over a 
very hot Fire, and a Body without 
any Taſte will remain at the Bottom. 

Laſtly, The ſame Body diſſolved in 
different Liquors, as Aqua-fortis, 
Aqua-regia, Spirit of Salt, diftil- 
led Vinegar, Spirit of Urine, &c. 
w#1l! bawe a difſerent Taſte in each of 
them. So alſo, tbe ſame Liquor, as 
Aqua-fortis, mixed with different 
Bedies, will baue different Tafter, 
thug with Silver it will be Sitter, 
with Lead ic will be ſweet, with 
Copper it will be intolerable. Set 
Boyle of the Production of. '[afbes, 
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CH AP. XXV. 
Of SMELLS. 


B* the Word Smell, we may firſt underſtand that par- *: "_ 1 
ticular Sort of Senſation which is raiſed in us by the t Saul. 
Impreſſion of certain Bodies upon (1) the Nerves of the 
internal Parts of the Noſe : And we may alſo under: 
ſtand by it, that in the Body which ſmells, in which the 
Power of exciting the Senſation of Smell in us, conſiſts. 

2. Every Body knows by their own Experience what 2. Tet — 
Smell is in the former Senſe of the Word, but it is im- 5% 4＋ 

ſible to deſcribe and make ſuch Perception known to alike in all * 
others. All that we can ſay, is, that the ſame Object Teen. 
does not raiſe the ſame Senſation in all Perſons, a great 
many finding certain Perfumes agreeable to them, which 
others cannot bear, | 

3. This being ſo, we ſhall only endeavour to find out 3. That Ari- 
what Smell is with reſpect to the Body ſmelling. Ar:/totle —＋ on 
has not defined it at all in that Chapter where he treats —_ Sun 
expreſsly of Smells, and (2) where he makes this Excuſe, ii. | 
that Men have not their Smell ſo perfect as other Crea- 
tures, 

4. Some of his Followers think they underſtand what 4: 75 02% 
he means (3) from that Place where he ſays, That the — 
Inſtant we perceive any Thing, we become like the Ob- ant. 
ject which acts upon us to cauſe that Senſation : And up- 
on this Foundation it is, that they contend that Smell in 
the Object is ſomething very like that Senfation which it 
raiſes in us. To which they add, that Smell ariſes from 
the Mixture of hot and cold, dry and moiſt, but ſo that 
the hot and the dry prevail moſt. 

5. But beſides, that this Opinion aſcribes to inanimate * . 
Bodies, a manner of Exiſtence which agrees to thoſe 25% Opinions 
only that are animated, which cannot be; it would fol 
low, that the ſame Smells muſt be equally agreeable to 
all Perſons, contrary to what was obſerved before. To 


Which we may add, that it is wholly inconceivable, (ſup- 


(1) The Nerves of the internal are. The Reaſon is, becauſe we 
Parts) For the Organ of Smelling, have net this Senſation wery perfe#, 
and the Deſcription of it. Sce but 4v2rſe than many other Animal: ; 
Regis Phyſ. B. 8. Part II Chap. v. For Man's Smell is very bad. A- 

(2) Where be makes this Excuſe) riſt. de Anima. lib. 2. cap. 9. 

It ts n t ſo evident wwhat Smell is, as (3) From that Ila e) See the 
what Darkneſs or Light er Colour Mites on Chap. xxiti, Art. 7- 
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poſing the Idea's which the Ariſtotelians give us of the 
four principal Qualities that come under the Senſe of 
Touching to be true) that the Mixture of them ſhould 
produce any Thing elſe but Warmneſs, which will be 
more or leſs dry or moiſt, according as it has more or 
leſs of thoſe Qualities mixed with it, which has no Simi- 
titude at all to that Idea which they give us of Smell. 
Laſtly, If this Mixture were Smell, as we perceive it 
by Touch, it ought to raiſe a Senſation like to it ſelf in 
all Places where the Organ of Touch is; and then we 
ought to ſmell with our Hands as well as with our Noſes; 


which is contrary to Experience. 


6. If to this it be anſwered ; that That which cauſes 
the Senfation of Warmneſs, when it acts upon the Hand, 
may alſo excite the Senſation of Smell, when it acts up- 
on the Nofe, Nature having ſo ordered it: I agree with 
them. But becauſe I know nothing elſe in Bodies but 
Magnitude, Figure and Motion, 1 cannot think there is 
need of ſuppoſing any Thing elſe to make them capable of 
impreſſing Smell upon the Organ of Smelling : Whereſore 
I am of Opinion, that the ſame Particles which raife the 
Senſation of Taſte, when applied to the Tongue, may 
alſo raiſe the Senſation of Smell, when being fo very 
fmall as to fly about like Vapours or Exhalations, they 
come to tickle thoſe two extended Parts of the Brain 
Which anſwer to the moſt inward Receſs of the Noſe. 

7. This may be proved from hence: Firſt, That we 
experience, that the greater the Heat is, and conſequently 
the more capable of making a greater Number of fuch 
Particles as cauſe Smell, to fly off; the further do Bo- 
dies extend their Smell : And on the contrary, as the 
Cold keeps their Particles at reſt, and hinders them from 


.exhaling, ſo it is the Cauſe of their Smell's being leſs 


perceived, 

8. Further; we obſerve, that a great many Bodies 
fmell no longer than whilſt they are moift, that is, fo 
tong as ſome of their Particles are in Motion ; and that 
they ceaſe to ſmell when they are quite dry, or have all 
their Particles at reſt, h 

9.:Laſtly, One of the moſt evident Proofs that we have 
to ſhow that Smells conſiſt in the Evaporation of certain 
Particles, is this ; that moſt hard Bodics, which do not of 
themſelves, as we fay, raiſe the Senſation of Smell, when 
they come to be burned, or only to be rubbed one 2- 
gainſt another, appear to have a Smell; becauſe by theſe 


Means ſome of their Particles are made to evaperate. 


Thus 
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Thus Sealtho-IWax, when it is lighted,” raifes a Smell, 
which was not perceived before. And thus Iron rubbed 
againſt Iron, and one Flint againſt another, raiſe a 
Smell alſo which was not perceived before. 

10. I do not however pretend to affirm, that all Sorts 10. Wy 
of Particles which are carried off from all Sorts of pu —_— 
dies, ought indifferently to raiſe the Senſation of Smell; any Smell. 
For in order thereto, there ought to be a certain Motion 
of the Organ of Smelling, and a certain Force to ſhake 
it; and there may be alſo Particles ſo very ſmall as not 
to be able to ſhake it the leaſt that is poſſible : Thus, the 
Air which we breath, and the Vapours which riſe out of 
Water, have no Smell at all; and, on the contrary, 
there may be others ſo large as that they may not come to 
the Organ at all, or if they do come to it, are rather 
capable of quite ſpoiling it, than of ſhaking it in ſuch a 
manner as may raiſe the Senſation of Smell. 

11. The Difference of Smells depends upon the ſame It: —_— 
Cauſe as the Difference of Taſtes does, that is, (1) upon et. 
the Difference there is in the Bigneſs and Figure of the Par- Smelli con- 

N 3 ticles Ai. 


(t) Upon the Difference) That JAgitation. Thus a Multitude of 


Smells, in the ſame manner asTaſtes, 
conſiſts entirely in the Compoſition 
N Figure of the Parts, is very evi- 
dent from the following Experiments 
made by the famous Mr. Heyle. 

Firſt, From two Bodies mixt 
tegetber, each of which is without 
any Smell, may be raiſed o very 
firong urinue Smell, This will be, 
if unſlacked Lime and Sal Ammoniac 
de beaten tote her. 

S:condly, By « Mixture of com- 
mon Water, which bas no Smell, a 
Body which bas 4% no» Smell , 
may be made to ſend forth preſently a 
firing Smell. Thus, Campbrre diſ- 
folved in Oil of Vitriol has no Smell, 
but m'xed with Water, it immedi- 
ately ſends forth a ſtrong Smell. 

Thirdly, Compound Bodies may 
fend forth Smelli cubicb are not at all 
(ihe tte Smell: of the Bodies ſeparate. 
Taus Oil of Turpentine mixed with 
doub'e the Quantity of Oil of Vitriol, 
after it is diſtilled, we'll not ſmell of 
Turpentine but of Brimſtone; and 
that which remzins inthe Retort, 
if it be forced with a ſtronger Fire, 
i reſemble the Smell of diſtilled 
V:1! of Wax, 

Fourthly, A great mary Smells 
Toy bs rai ed only by Motion and 


Bodies, as Glaſs, Stones, &c. which, 
though heated, ſerd forth no Smell, 
yet if agitated and bruiſed with a 
particular Motion, ſend forth a very 
ſtrong Smell; and there comes 2 
Smell like that of a Roſe, out of 
Beecb-wo0d while it is turning. 

Fifthly, A Body that bar a flrong 
Smell, mixed with anotber Body that 
has no Smell, may loſe all its own 
Smell, Thus if Aqua- fortis not too 
well dephlegmated be poured upon 
Salt of Tartar, till it ceaſes ferment- 
ing 3 that Liquor, after evaporation, 
will aftord Cryſtals without ary 
Smell, like Salt of Nitre ; but if 
they be burnt, they ſmell as bad as 
can be. | 

Sixthly, Out of i200 Bodies mixed 
tozetber, one of tobich bas the en 
of Smells, and the other not a very 
good one, may ariſe a pleaſant aro- 
matick Smell. This is done by a 
certain Mixture of Agua fortis or 
Spirit of Nitre with inflammable 
Spirit of Wine. 

Seventh'y, Spirit of Wine mixed 
with @ Body that bas ſcarce ary 


Smell, may produce a pleaſant aro. 
matich Smell. Thus an equal Quan- 
tity of inflammable Spirit 7 ine 

mixed 


together, 


and Ol of Dantzich YVitrie 
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ticles which are exhaled from the Body that ſmells, As will 
be evident to any one who conſiders that thoſe Things 
which have the ſame Taſte, have alſo the ſame Smell: 
Thus all ſharp Bodies have a ſharp Smell, and all bitter 
Bodies have a Smell that has ſomething of Bitterneſs in 
It. | 
7, HW 12. And this is ſo true, that when we are once aſſured 
2 _ — that the Particles of certain Bodies have changed their 
Forth 4% Figures, we always find by Experience, that they have 
rent Smells changed their Smell alſo. Thus, the Mutter gendred in 
5 the Abſceſs of u Land Beaver, expoſed for ſome Days 
together in the Sun, in a hot Country ( which without 
doubt daſhes the Parts one againſt another, and alters 
their Figure) ſenſibly alters its Smell, and as ſtrong as it 
was, 1t becomes firit tolerable, and at laſt is turned into 
that valuable Perfume, which we call Mus. 
14. How 13, From what we have ſaid concerning the Nature 
the Felt. Fof ſmelling Bodies, we may conclude, that both their 
2 . Bulk and their Weight diminiſh by little and little. Thus 
777 lie- we find by Experience thoſe Smells to be quickly over 
(ie and little, which are raiſed by burning: But as to thoſe which we 
perceive without heating the Bodies, ſuch as thoſe of 
Mus and Civet, (1) it is a long time before they are 
ſenſibly diminiſhed, becauſe the Motion of their Parti- 
cles is very flow, and but a few of them are exhaled at 
a time. And as but a few of them are exhaled at once, 
they could not move the Senſe, without meeting and 
mixing with a great many others, which were ſometime 
before evaporated, and flew about the ſmelling Body. 
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vopether, and digeſted, and then di- 
filled, will aflord a penetratiug 
d pirit of a very pleaſant Smell. 

Eighth'y, 4 Body of the moſt 
Pliaſant Smell, wwithant mixing any 
otter Body with it, may degenerate 
1 the worſt link, Thus the Spirit 
mentioned in the foregoing Experiment, 
if it be kept ſt pped up in a Bottle, 
will in a ſhort time degenerate into 
the ſtrong Smell of Garlick. 

Laftly, Out of two Bodies, one of 
which bas no Smell, 'the «ther a bad 
Smell, may ar; je a phaſant Smell 
like that of Meik. This is done by 


putting Pearls into Spirit of Vitriol. 


For while they are Ciflolying, they 


Z , "> , 
r 
rr 


ſend forth à pleaſant Smell. See 
Boyle of the Production of Smell:, 

(1) Ir is along time, &c.) Who- 
ever conſiders the infinite Diviſibili- 
ty of Matter, and the inconceivable 
Smallneſs of the Parts of Light 
wh'ch always find an eaſy and open 


Paſſage through Glaſs and Diamonds 


on all Sides, and every Way, will, 
] believe, have no doubt, but that 
it is wholly owizg to the Smallneſs 
only of the Particles emitted, tho" 
they may be very much larger than 
the Pariicles of Light, that Bodies 
wh'ch have a Smell, are yet a very 
loug time before they ale fenhbly 
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CHAP. XXVI. 
Of SOUND. 


THE Word Sound was intended to ſignify in the 1. The Word 
firſt Place, that particular Senſation which is raiſed — * 
in us, by the Impreſſion made upon the Ears by what ings. 
we call ſounding Bodies. And the ſame Word is alſo 

uſed to ſignify That in the ſounding Bodies, as in a Ball 

or in the Air which ſurrounds it, which cauſes in us the 

Senſation of Sound, 

2. After what has been obſerved when we ſpoke of 2. In ber 
Taſtes and Smells, it is needleſs to fay, that Sound, taken Senſe we are 
in the former Senſe of the Woxgl, cannot be deſcribed, — 
nor known any other Way but by Experience. Where- Verd. 
fore we ſhall treat of it here only as That in the founding 
Bodies or in the Air, which we call Sound. 

3. Ariſtotle has (1) a Chapter particularly upon this 3. Arifte- 
Subject, wherein he aſſerts, that Sound is nothing elſe but f — * 
the local Motion of certain Bedies, and of the Medium q 
applied te the Ear; and that we may be ſure that this is 
his Notion, he repeats it above twenty times, 

4. I take particular Notice af that extraordinary Care 4. The Ne- 
which Ariſtotle took, to make us underſtand the Notion _— = 
he had of the Nature of Sound, For though he repeated | hong . 
it ſo often, that it may ſeem troubleſome to ſome Rea- 
ders; yet I find, he has not faid it often enough for ſome 
others, who profeſſing to follow his Opinions in other 
Things, do notwithſtanding believe that Sound is a Qua- 
lity different from local Motion. ; 

5. There are ſome, who, to maintain this Opinion, „ e, 
and confute that of Ariſtotle, fay, that if Sound be no- Reaſon they 
thing elſe but /aca! Motion, it would follow, that in mo- give for it. 
ving our Hand, for Inſtance, we qught to perceive ſome 
Sound; and there are others who aſſert, that according to 
this Notion, it muſt follow, that a Rell which is heard 
two Leagues every Way, muſt move the Air fo far all 
round, which they think abſurd. | 

6. However, theſe Objections are of no Weight; for 6. Thar they 
25 to the firſt, it proves no more than this; that Sound , n 

(1) A Chapter particularly upon this Subject) Chap. viii. Bcok 2. 8 
cerning the Soul, 
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does not conſiſt in all Sorts of Motion, and eſpecially 
not in ſuch a Motion as is given to the Hand when it is 
moved; which indeed is very true. And as to thoſe 
who think it abſurd, that a Bell ſhould move the Air for 
two Leagues round, they judge of Nature only by their 
own Prejudices, which are no Proofs. 

7. Thatthe 7. I muſt confeſs indeed, that ſome Force is required to 

Judi Be. put a Maſs of Matter, w hich i is extended two Leagues round 


dt 1 does not 


\ cauſeall in Motion; But the Effect produced by the Bell | is not ſo 


rbet Motion great as we may imagine: For when it moves the Air in 
3 this manner, (t) it only a acts upon a Body, which was in 
piace Motion before as it is a liquid Body. So that it does 
Sound. not ſo much act upon it to give it Motion, as to deter- 
mine that Motion which it had before, in ſuch a Manner 
as is proper to produce in us the Senſation of Sound. 
3. Tbat ie 8. I fay further, that it is not ſo difficult as is ima- 
- 2 4 % gined, to cauſe ſuch Somof Trembling in a Body which 
par ſome Bo- is every way ſurrounded with a Liquid : Experience 
dies in Mo- ſhows us this in a large Anvil, (which doubtleſs is one 
ee of thoſe Bodies which are not apt to be put in Motion; 
4 4. for we ſee it trembles upon the leaſt Blow given it by 
the Hammer ; and we may obſerve, that if a few Grains 
of Millet be put upon it, and it be ſtruck on the Side 
with a moderare Key, according as the Sound is more 
or leſs, the Grains of Millet will jump higher or lower, 
and change their Place on the Anvil. Now it could 


not cauſe this Motion in the Grains, if it was not moved 


it ſelf. 
„ That 9. And to ſhow that Sund con/i/ts in a particular Sort 
Srurd cnn of MHctien, we need only conſider, that it is always pro- 
(ftsin a 


- duced when we ſtrike our Fingers over the Strings of a 

tan , 

& Mu;m Lute, or when we ſtrike againſt any hard Body, Now 

enly, to ſtrike the String of a Lute, or to ſtrike any hard Bo- 
dy, is nothing elſe but to move the String out of its 
Place, or to put the Body in Motion. And it is very 
abſurd to think, as the Ariſtotelians do, that the Conſti- 
tution of them! is altered, and that we make them to 


acquire ſome Heat or Cold, fome Dryneſs or Moiſture 
which they had! not before, 


(1) It only as upon a Body,) ſounding Body, and therefore more 
The Motion which is in the Air be- eaſily yielding to it than if they were 
fore it is moved by the Sounding Bo- at reſt ; juſt ſo mazy ought we al- 
oy, contributes nothing at all towards ways to thi ik are moved the contrary 
producing Sound. For as many Par- way; ad for that Reaſon refit the 
tices of Air as hie are, tending the Bcdy in M:tion more than they 
lime way as they are impelled by the woulu do if they were at reit. 


10. Aid 
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10. And this is confirmed from hence, that if the Ear 10. A Prof 
be tickled in the inſide ſo as to make any Impreſſion upon 27 7 1-4 
what (1) the Phyſicians call the auditory Nerves, we find T 
a certain Tingling. Whence it is evident, that it is the 
ſame with the Senſation of Sound as with that of Pain; 
and both the one and the other ſhows, that by the Ap- 
pointment of the Author of Nature we are made fo, 
that when certain Nerves are moved after a particular 
Manner, we ſhould have a particular Senſation. 

11. I can't omit here an Experiment which is often 17. Artie 
made uſe of to divert Children, and which wonderfully Fre. 
confirms this Opinion. They put a long Thread through 
2 pair of-Tongs, and wind each End of the Thread 
about their Fore-fingers, and then ſtop both Ears with 
thoſe Fingers ; then moving their Bodies backward and 
forward, they toſs the Tongs in the Air, and hit them 
azainſt the Andirons, or any other hard Body. Now 
though thoſe that ſtand by, hear but a moderate Sound, 
yet the other hear a Sound as loud as that of a large 
Church-Bell. It is impoſſible to ſolve this any other way, 
but by ſaying, that the Motion of the Tongs ſhakes t 
String, which gives its Impreſſion to the Fingers, and theſe 
move the Parts of the Ear, to which they are applied, and 
by this Means the Nerves of the Organ of the Ear are 
allo moved. | 

12. Being aſſured that Sound conſiſts only in ſome Sort 12. 4 Mi. 
of Motion, all that remains, is to determine what Sort of 'ake of Ari- 
Motion that is : And here I cannot agree with Ariſtotle g dat 
who would have Sound to be the Motion of a Body that of Sound, 
is hard, poliſh d and concave ;/ for it is certain, that there 
are a great many ſounding Bodies which theſe Qualities 
do not belong to; and alfo, that there are none of them 
in Gunpowder when it takes Fire in a Cannon, . which 
yet makes ſuch a prodigious Noiſe. 

13. Some perhaps, out of Zeal to this Philoſopher,.may 13. 7he 
attempt to defend his Opinion, by faying, that if thoſe weak He- 
Qualities required by him in a ſounding Body, are not , 0h 1m 
to be found in the kindled Powder, nor in the Air wer. 
which is ſhaken ; yet they are in the Cannon, upon 4% , Au- 
which he would make the Whole of the Sound to depend. "7 ca- 
But without amuſing one's ſelf to find out | Reaſons 
to confute this Opinion; it ſhall ſuffice to alledge the Ex- 
periment of what the Chymiſts call Aurum Fulminans. 

W hat they call ſo, is only a Compoſition of three Parts 


fr) The Fbyſficia u call the auditory Hearing and its Deſcription, S-e Re. 
Pleyves) Concerning the Organ of giz Pbyſ BaokVILL Part II. Chap. vis 


2 * 
* — 


A 


— Q „ «„ — 


r "ods Sac 2 —— . 
e — — 2 
* * wo 


— Ra 4 
__ wo, | 


— 


WS 


Wha, 


* 


— — 


* 


ROHAULT' SvsTEM Part 


of Salt-Petre, two of Flowers of Sulphur, and one of 
Salt of Tartar, beaten ſeparately in a Mortar, and then 
mixed together. We muſt take about as much of this 
Mixture as we do of Gun-powder to prime a Musket, 
and lay it upon an Iron-Plate, or a flat Tile, and put it 
upon a Chafingdiſn of Fire; then the Powder will grow 
hot gradually, and be at once (1) turned into a Flame, 
which dilating it ſelf every way, cauſes a Sound almoſt 
as loud as the Report of a Musket well charged. In 
this Experiment, the Iron-Plate or the Tile, ſerves only 
to hinder the Powder from taking Fire, *till it is equally 
heated all over; and ſince the Sound depends upon the 
Flame and the Air, which are neither hard, nor poliſhed, 
nor concave, without doubt this Opinion of Ari/totle's 
cannot be ſupported. | 
14. That 14. We chooſe rather to ſay, that Sound conſiſts in 
Sound con- à particular Sort of Motion of Bodies, than to ſay with A 
arr ri/totle, that it conſiſts in the Motion of a particular Sort of 
fore of Me- Bodies, For a more diſtinct Explication whereof, we may 
ow obſerve, that the Bodies which we call ſounding Bodies, 
are not applied immediately to our Ears, in order to ex- 
cite the Senfation of Sound, but for the moſt part act by 
the Interpoſition of the Air which they put in Motion ; 
wherefore we ought to find out what the Motions of 
each of theſe are, when they produce this Senſation in 
us, | 
15.Tbatcbis 15. There are ſome Inſtances in which it is eaſier to 
ar find out the Manner in which the ſcunding Body is moved; 
e Coniarre . . 13 — 
1: the ſung. and there are others in which it is eaſier to find out the 
ing Body, Motion of the Air. The former of theſe we will firſt 
— * e explain as far as we are able, viz, the Manner in which 
eclume . . 
founding Bodies are moved. 
„G. bg be 16. And to begin with the Lute, or any ſuch kind of 
Sound of the Inftrument that is played upon with the Fingers; it is to 
#1ring if 2 be obſerved, that the Strings being ſtretched, are as ſtreight 
„. as is poſſible, and that in playing upon them they are put 
out of their Poſition, and bent a little by the Fingers; 
but as foon as they are let go, they return again to the 
Place out of which they are moved, and the Velocity 
which they acquire in returning, makes them go a little 
beyond it ; then they come back, and go a little beyond 
the Place of Reſt again; and thus they go and come fe; 
veral times, or have ſeveral Vibrations, and in this tremb- 
ling Motion conſiſts their Sound. 


(1) Turned inte a Flame) See this Phenomenon explained in the Note 
en [at Jil, Chop: ix. Art 13. | 
17. The 
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17. The Sound of the Strings of a Violin conſiſts in 17. bar 


the Agitation they are put into by the moving of the oo inet 


Hair of the Bow over them which is made rough and 4 Violin 


jazzed, almoſt like a Saw, by being rubbed with Roſin. % in. 


W hich is ſo true, that if the Hair of the Bow be rub- 
bed with Tallow or Oil, the Strings will have no 
Sound, becauſe they flip under it, and are not ſhaked by 
if, ; 

18. The Sound which a Drinking-Glaſs makes when 12. ar 
the Finger preſſing hard upon it moves round the upper 32 7 
Edge of it, conſiſts in the Vibrations like thoſe of the Glaſscenjfts 
Strings of a Violin; it being evident, that the Finger here 1. 
ſupplies the Place of a Bow. | 

19. The Sound of a Bell conſiſts in a Trembling, pretty 19. e 
much like that of the String of a Lute: For it is certain, 95nd of 
that the Blow given it by the Clapper alters its Figure a iftin. 
little, ſo that from being round, 1t becomes oval : And 
becauſe it is made of Metal very ſtiff and ſpringy; that 
Part which is moſt diſtant from the Center, returns to- 
wards it, and ſomewhat nearer than it was at fifſt, fo 
that the Places which were at the Extremities of the 
longer Diameter, are the Extremities of the ſhorter one 
and thus the Circumference of the Bell changes its Figure 
by Turns, all the time it is ſounding. 

20. It will be very eaſy for any one to believe what is 20. 4 Proof 
now ſaid, if he obſerves, that in laying his Hand upon a Je Ler- 
Jarge Bell juſt when the Clapper ftrikes againſt it, he will © 
icel a manifeſt Numneſs. 

21. If the Bell be very ſmall, as the 'Trembling is ea. 5, Bu 
ſily ſtopt by putting our Hand to it, ſo ought the Sound ben rouch- 
to ceaſe alſo. And indeed there are very ſmall Bells, which 44, ceoſer to 
if they be but very lightly ſtruck, will ſound for a long“ 
time; but if we lay our Hand upon them as ſoon as they 
are ſtruck, their Sound will immediately ceaſe, | 

22. But the Sound of a great Bell is not fo eaſily ſtop- 22. Ny the 
ped by laying our Hand upon it, becauſe it has more Mo- 5 %% 
tion, and becauſe it can transfer ſuch a ſmall Part of its 3, |; eat 
on to the Hand, and reſerve enough to make it be App. 

eard. SS | 

23. The Sound raiſed by ſtriking a Piece of Wood, or 23: F*y # 
in general, any hard ſounding Body, conſiſts in a T'rem- — rg 
bling, like that of a Bell, which is owing to its Sprin- Aral. 
gineſs. * | 

24. Wherefore Bodies, which have not this Property of a " 
Springineſs, have oply a very low and imperfect Sound: Baue bur lit. 

And tle Sound. 
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And this is the Reaſon why Lead and Clay, when they 
are ſtruck againſt have ſcarce any Sound. 

25. After what has been ſaid, it will not be very dif- 
of the Air ficult to determine what fort of Motion it is in the Air 
ir 1s in Which produces in us the Senſation of Sound; for it is 
rob ich Seund evident, that (1) this Motion of the Air muſt neceſſarily 
, be ſuch, as the Trembling of the Sounding Bodies is ca- 

pable of producing in it: that is, the Air ought to trem- 
ble, and bubble, and alſo by riſing and falling, to divide 
it ſelf into an infinite number of very ſmall Particles, 
which by trembling and ſtriking againſt one another, 
muſt have a very quick Motion; ſo that the Air muſt 
be ſomething like a Liquor that ſimpers and does not 
quite boil. This is confirmed by what we ſee of a Mo- 
tion very like this in a large Tub of Water, by moving 
a Stick backwards and forwards in it very quick; for 
this Motion of the Stick is very like that of the Strings 
of a Lute, only theſe are much larger and the other 
ſlower. 
26. Avifizh 207 We may be certain of this Motion or Trembling of 
Demorſtra. the Air, if we conſider that the ſounding Body ought to 
3 ibs jmpreſs the fame ſort of Motion upon it, that it does 
upon other Liquors. Thus, if a Glaſs be half full of 
Water, and we make it found in the Manner before- 
mentioned, by moving ovr Finger along the upper Edge 
of it; it muſt without doubt ſhake the Air as it does 
the Water; (2) now we ſce the Water tremble and boil, 
and alſo by jumping out, batter and break it ſelf in 
ſuch a manner, that a great many ſmall Drops fly a 
good way out of the Glaſs. Whence we muſt con- 


clude, that the Air has the ſame ſort of Trembling or 
Boiling. 


(1) This Motion of the Air) For of the Air, do theſe, being 8gitated 
the Parts of the ſounding Bodies go- with the ſame Sort of Tremblings, 
ing and coming by Turns, thruſt and agitate thoſe Parts that are next 
dive forward a* they go thoſe them; and theſe in like manner a- 
Parts of the Air which are next g'tate thoſe beyond them, Cc. This 
them, and by prefſſi-g upon them, being allowed, the manner how the 
condenſe them; then by returning, Pullcs are propagated along, and all 
they permit the Parts thus compreſ the other Phaznomena of Sounds, are 
ted, to ſpread and dilate rhemielves very advantageouſly explaiced Ste 
epain. Thoſe Parts of the Air there- Nerot Pbileſapb. Princip. Matbemat. 
fore which are next to the founding Bok il. Prop. 43, Sc 
Body, go and come by turns agree (2) Now we ſee the Water tremble) 
ably to the tremuicus Agitation of You may fee a Cate of this Experi- 

the Parts of the founding Body; ment very well worth obſerving in 
and in the fame manner 29 the e Notes en rhe 45th Art, of 101 
Parts of that Bay agit«te thete Party (fe. 
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Chap. 26. of NATURAL Prnilosorhy, 189 
27. After having ſufficiently ſhown the Motion of the 27. Fbence 

Air, which is neceſſary to make us hear any Sound: It 1. — 225 

is eaſy to conceive that the Air in paſſing by ſome hard which © i" 

and immoveable Bodies, may move it ſelf ſometimes in made by 

ſuch a manner. Thus, when we whiſtle, by blowing — 2 

into the Hollow of a Key, it happens, that the Air which &ey, 

enters in, fills one half of the Hole, and the Air which 

comes out fills the other half; and theſe two Parcels of 

Air fliding by one another with contrary Motions; a 

great many of their Parts muſt neceſtarily be made to 

turn round and to tremble, and the whole Air which 

is betwixt him that whiſtles and him that hears muſt alſo 

be made to turn round and to tremble. 

28. We may obſerve here, that there are Bodies, which 28. How . 
are opened by Fits to let the Air through, and which — 
by this means cauſe us to hear a particular Sound, which « Beg - P. 
is alſo a very conſiderable one. Of this Sort are the de. 
Rows of Pipes which compoſe an Organ, or the ſingle 
Pipe of a Bag-pipe. Theſe Bodies themſelves are not mo- 
ved in order to produce Sound ; but the Air being firſt 
put into Motion, endeavours to paſs through them, but is 
forced to go out trembling, and ſo impreſſes on the reſt 
of the Air the fame Sort of Tremblings as the Strings ß 
a Violin do, and ſo cauſes us to hear a Harmony, the * 
Motions of which are Trembling. 

29. And in the ſame manner is the Voice of Animals 29. How the 
formed: For there is a ſmall Valve at the End of the 1 
Trachea, which performs the Office of the Valves of the formed. 
Tubes which compoſe an Organ ; which Valve we can 
contract as we pleaſe, and let the Air out of the Lungs 
by Fits. And becauſe this Valve for the moſt part con- 
tinues open, therefore the Air in Reſpiration comes out 
commonly without any trembling, and conſequently 
without making any Noiſe. 

30. It would be too tedious to explain particularly all 3% % « 
the different Manners in which Sound is produced, But 2 1 
becauſe there is ſomething ſingular in the Sound of a Can- Noiſe be 
non when it is diſcharged, becauſe the Flame ſeems to % ©/ 
give but one and not a repeated Shake to the Air, ther 
tore it may be worth while to explain how ſuch a prodi- 
gious Noiſe is made. It is to be obſerved then, that the 
Gun-powder, when it takes Fire, (1) is ſo extraordinarily 
dilated, as to take up above a T houfand times the Space 


(1) Is fo extraordinarily dilated) tion. See the Notes on Part III. 
Fur the tive Reaſon cf this Dilata- Chap, ix. Art, 13, 
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that it did before; ſo that it drives before it every Way 
all the Parts of the groſſer Air which was in this Space, 
and theſe Parts can find no where to go, but by preſſing 
upon other Parts, and driving them on likewiſe; and at 
the ſame time they ſqueeze out the ſubtile Matter which 
mixing with the Powder, compoſe that ſenſible Maſs 
which we call Flame. Hence it follows, that there is in 
the Air two contrary Motions ; the one of which gathers 
together and unites the moſt ſubtile Parts, and the other 
diſperſes the groſſer ones, And this would be done in a 
Moment, but that the groſſer Air which is condenſed all 
round, has a, Tendency to return into that Place out 
of which it was driven, and towards which, after the Vi- 
olence of the Flame is over, its own Weight forces it, and 
that with ſuch an Impetus, that it becomes more denſe 
than it ordinarily is ; whence it will be reflected again all 
round, or condenſed anew ; becaule being rarefyed again, 
it returns to the Place which it had quitted ; and thus it 
quits and takes again the ſame Place ſeveral times ſuc- 
ceſſively; and this is the Reaſon of that ſhort Continuance 
of the Noiſe of a Cannon when it is diſcharged, 


ee = 31. However it is to be obſerved, that the Ear may 
W ſometimes be ſo ſtrongly moved, that it may continue to 


continues tremble ſome ſhort time after the Air has done trem- 
longer ſome- bling; and for this Reaſon, the Senſation of Sound 


times th NE EA : x 
he Sound iz May ſometimes continue after the Agitation without is 


ſelf ceaſed, 

32. Whythe 32+ Becauſe the trembling Motion of the Air in which 
Flaſh of a Sound conſiſts, is communicated gradually, ſo that it 
pt hs affects thoſe Parts which are near the ſounding Body 
ml Sound iz ſooner than thoſe that are further off, the Sound mul} 


beard. neceſlarily take up ſome time in going along : And ſo we 
find by Experience, that if a Cannon be diſcharged at two 
or three Miles diſtance from us, we ſec the Flaſh ſome 
time before we hear the Noiſe, 

23-11 hy the 33. And becauſe the Motion which is impreſſed by 


foune grew the ſounding Body upon the Air cloſe by it, is tranſ- 
br. , ferred from one Part of the Air to another ſucceſſively, 
are diſtant and always paſſes from a leſs Quantity to a greater, in 
, proportion to its Diſtance from the ſounding Body; 
gh. therefore near the ſounding Body, there mutt always 

be more Motion in a given Quantity of Air, than there 

is at a greater [Diſtance ; ſo that the Sound ought to grow 


weaker as it is ſurther from the ſounding Body. 
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34. The Propagation of Sound may very well be (1) 34. Tear 
compared with Circles made in the Water, by throwing S 3 
a Stone into it. And as thoſe which are made in a run- che Wind, 
ning Stream, extend themſelves further towards the lower 4857 to be 
than towards the upper Part of the River, becauſe the Sour | 
whole Water in which they are formed carries them in- agaig it. 
tire that Way: So likewiſe may we conceive, that if the 
Wind carries the Air towards one certain Place, the trem- 
bling Motion in which Sound conſiſts, will ſooner go this 
Way than the contrary, Thus we find by Experience, 
that we hear the Sound of a Cannon, and in general all 
other Sounds, (2) ſooner with the Wind than againſt it. 

And it may happen, that the Air may be moved ſo quick, 
that its Parts may flee from us as faſt as the Sound goes, 
and ſo we may not hear it at all. 

35. Becauſe Sound is propagated every Way, as it were 35. fl ae 

from the Center to the Superficies of a Sphere, it may _ 10 
ſo happen, that the Parts of the Air which would com- 
municate their Motion to ſuch as are at a greater Diſtance, 
may meet ſome hard Body which they cannot ſhake; 
and this may cauſe them ſome Way to be reflected back 
again, and make them communicate their Motion again 
to thoſe Parts from which they received it, and theſe to 
others; ſo that there will be a new Trembling of the 
Air inſtead of that which began firſt, and hath already 
ceaſed for ſome Time: Conſequently we may hear again 
the ſame Sound which we heard at firſt; and this redoub- 
led Sound is what we call an Echo. | 

36. If the Sound meets with ſeveral Bodies at different 36. Hm @v 
Diſtances, which are capable of reflecting it back again; Z "9 


F that which returns from the moſt diſtant Place ſtrikes —— 


upon the Ear, after the Impreſſion of the former is Tal times. 


(t) Compared with Circles made in 
the Water) If the Water be put in 
Motion, by throwing in a Stone, 
or by moving our Finger or a Stick 
backward and forward in it, the 
Waves will immediately ſurround 
our Finger; and if during the Agi. 
tion it be carried ftreight forward 
towards any Part without turning it 
round, yet theſe Waves, as if they 
were concentrick Citcles, will be e- 
qually propagated every Way; which 
Compariſon does very properly ſhow 
us, that the tremulous Motion of the 
Air ought to be propagated not only 
the ſame way that every one of the 
Particles of the founding Body, ſuch 


as the Strings of a Violin, are agi- 
tated ; but alſo to be propagated in a 
Circle all Ways f. om the ſounding 
Body as the common Center. 

(2) Sooner with che Wind than a- 
gainſt it) The Gentlemen at Florence 
thought they had found by certain 
Experiments, that Sound is propaga- 
tei with the ſame Celerity againſt che 
Wind, as with it, though much 
more faint, Exper. Acad. del Ci- 
mento, p. 140. But the induſtrious 
Mr. Derham found it otherwiſe in 
Experiments made at a much greater 
diſtance. See the Philoſophical Tranſ- 
ac ant, Numb. 313. 


quit: 
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quite gone off, it muſt in its Turn produce a new Senſa- 
tion of Sound. Whence it is evident, that we may meet 
with Echo's which repeat the fame Word ſeveral times 
over. 
37.Wiybe 37. According to the Inclination with which the Air 
Peet of 4: ſtrikes upon the Bodies which reflect the Sound, ought the 
not always Reflection to be on the one Side or on the other, which 
_ —_— is the Reaſon why there are ſome Echos where he who 
Fcbs. f ſpeaks does not hear the Words that are repeated, when 
others who are at ſome Diſtance from him can hear them 
repeated diſtinctly, | 
33. What 38. As to the Difference of Sounds that we meet with, 
CO which conſtitutes the different Species of them, as Flats 
Seund con. and Sharps; the muſical Inſtruments ſufficiently ſhow us, 
n in. that they conſiſt in the different Motion both of the 
ſounding Body, and of the Air which is agitated by it. 
For the more the Strings of a Lute are ffrained, the 
ſharper the Sound is; and on the contrary, the loſer the 
Strings are, the more flat is the Sound, Now it is cer- 
tain, that the more a String is ſtretched, the ſwifter and 
more frequent is the Motion which it impreſſes on the 
Air: whence it follows, that a ſharp Sound conſiſts in 
the Purckneſs and in the ſudden Reiteration of the Motion 
upon which the Sound depends, and a flat Sound conſiſts in 
the Slawneſs., | 
39- Hewſe- 39. When two ſounding Bodies ſtrike upon the Air at 
— the ſame time, they muſt impreſs ſuch a Motion upon it, 
we” as is compounded of the two Motions which would be 
cauſed, if they acted upon it ſeparately ; and conſequently 
the Air ought to put the Organ of Hearing into ſuch a 
Sort of trembling Motion, as may raiſe a Senſation com- 
poſed of each of the Senſations which the Bodies would 
raiſe ſeparately. | 
| - 48 nts 40. And if the Motion of theſe two ſounding Bodies 
kf im, do ſo exactly agree, that the Tremblings which they cauſe 
in the Air in a given Time are commenſurable, that is, 
at the ſame time that the one ſtrikes the Air, the other 
ſtrikes it alſo, or at leaſt, that they ſtrike together every 
ſecond or third Stroke; then the Ear will be fo uniformly 
{truck upon, and in ſuch Meaſure, that it will perceive 
the Diſtance, and be pleaſed with the Cadence ; and in 
the Strokes being thus commenſurable very probably con- 
hits thoſe Concords which Muſicians call an Untjoy and 
Odlave, a Fifth and a Third. | 


#., Sh. vw . 
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41. On the contrary, if the Tremblings impreſſed. on 47. Fey 
the Air by the Sounding Bodies be incommenſurable, that — 2 
is, if they do not agree in Time nor ſtrike together; we 
muſt perceive the Inequality of the Sound; and becauſe 
they do not move the Ear uniformly, they cannot pro- 
duce any Harmony; and in the Strokes being thus in- 
commenſurable, conſiſts very probably the Tones Which 
Muſicians call Diſcords. "Bk 

42. From what has been ſaid concerning the Motion 42: That ghe 
impreſſed on the Air by ſounding Bodies, ſome Perſons ot 22 
perhaps may be apt to think that thoſe impreſſed by the Sering 2 
Strings of a Lute are not equal; but quicker at firſt, and Lats % ae 
ſlower as the Motion ceaſes ; but it is not very difficult to mots Aug 
ſhow that the contrary is true, if we obſerve, that the ee $f, 
Motion of the String when it almoſt ceaſes to be agitated, FT 
may be made up by the Shortneſs of the Way it has to 
go: So that it takes up neither more nor leſs Time in 
making its firſt and longeſt Vibrations, than it does in 
making its laſt and ſhorteſt, 3 

43. There muſt indeed be ſome Pains requiſite to prove 43. 0f rhe 
the Truth of this by Experiments: For it is impoſſible to — b 
do it by the Strings of a Lute, becauſe of the ſmall Time - 
that they take to make ſeveral hundred Vibrations in. But 
becauſe the Motion we are ſpeaking of is very like that 
of a Werght hanging in the Air at the End of a String, we 
may imagine, that what we obſerved of the Motion of the 
one, may be equally applied to the other: Now we find 
by Experience, that if this Weight be drawn from the 
Perpendicular, and then let go, ſo as it may ſwing freely, 
all the Vibrations till it ceaſes to move at all, will be made 
in the ſame Time. For if we will be at the Trouble to 
count how many Pulſes of the Artery there are in the 
firſt twenty Vibrations ſuppoſe, we ſhall find as many in'the 
twenty following Ones, or in any other Twenty, which 
you will: Now from this fingle Experiment we may con- 
clude that every Vibration of the String of an Inſtrument 
is made in the ſame Time, and that the Laſt take up no 
more than the Firſt. And becauſe this Experiment is 
very eaſy to make, and is a curious one, and may ſerve 
as a Principle from whence many important Concluſions 
in Mufick may be drawn ; it is worth any one's while to 
be at the Pains to obſerve the Motions of theſe Pendulums, 
and to put ſeveral of them in Motion together. For we 
ſhall then ſee, that thoſe which are of an equal Length, 
and alike in every other reſpect, will perform their Vibra- 
tions in the ſame Time; and that thoſe which are of dif- 
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ferent. Lengths, require different Times, viz. the Shorter, 
the leſs Time, ſo that their Vibrations will be to each o- 
ther (1) in a reciprocal Proportion of the Square Root of 
their Lengths ; and thus what we have faid of the com- 
menſurability of Sounds, and the Concords of Muſick, i 
"confirmed. 


44. Whexce 44. From hence we may alfo clearly apprehend how 
—_— different Sorts of Voices are made, and why the ſame 


Price: ariſe, Mouth may caufe by turns a ſharp and a flat Sound. The 
asd why the Reaſon of which is, that the Epiglottis which is placed at 


Zee: ff | the End of the Pipe through which we breath, and which 


12. opens to give a Paſſage for the Air in order to form the 
ar per than 


2 Voice, may be lifted up and let down at Pleaſure, that 

. ON * , fo as ſometimes to be altogether and from its 
e Roots open, or ſhut, and fometimes in Part' only. Now 
that which can be lifted up in fuch a manner as this, by 
Turns, and as it were with a trembling Motion, to let the 
Air out with the ſame fort of Motion, reſembles a Pen- 
dulum ; whence it follows, that the Tremblings of the 
Voice muſt be ſo much the quicker, the lefs the Epi- 
glottis which regulates the Motion, is lifted up, and on 
the contrary, they are the ſloweſt that can be, when the 
Epiglottis is at liberty to lift it ſelf quite up. Upon this 
Flexiblenefs of the Epiglottis depends all the Variety of 
Tones of the Voice; for the Air which comes out of 
the Lungs being differently agitated according to the dif- 
ferent Poſition of the Epiglottis, impreſſes the Motion 
it received as it came out, upon the external Air, which 
ſtriking the Ear differently is the Cauſe of all that Diver- 
fity which we obſerve in Sounds. And becauſe Children 


(1) In a reciprocal Preparion) Here 
the Namber of Vibrations in —— 
Time are compared with each other. 
But if the Times of the Vibrations 
be compared together (which is the 
better Way) then we muſt fay, that 
the Vibrations are to each other, as 


che ſquare Roots of their Lengths 


directly. As may be thus demon- 
Krated. We ſuppoſe that the Ac- 
celeration of heavy Bod'es in falling 


is- fuch, that the Spaces they run 


through, are the Squares of their 
Times (which ſhall be demonſtra- 


ted in its proper Place. See the 


Notes on Part II. Chop: xxviii. Art. 
26.) then if we imagine ſimilar Arcs 
of unequal Circles to conſiſt of an 


infinite Number of Sides of fimilar 


Polygone, and that they are in the 
ſame Poſition with reſpe& to the 
Earth ; then it is evident, that the 


Square Roots of the Arches, or of 


the Spaces run through, and for the 
ſame Reaſon, their Radius's or the 
Length of the Strings, will repre- 
ſent the Times of the Defeent of 
Pendulums ; and becauſe the impetus 


or Velocity in aſcending ; is evident- 


ly deftroyed equally in the fame 
manner, and in the ſame time as it 
was acquired in deſcending z there- 
fore the whole Vibrations -of theſe 
Bodies muſt neceſſarily have the fame 
Proportion to each other, as the 
Square Roots of the Lengths of the 
Strings. See the Notes on Part Il. 
Clap. Xvlii. Art, 16. 


have 


ſons, we cannot move the one, (1) but the other will ſound 
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have generally all the Parts of their Bodies proportioned 
to their Bigneſs, and conſequently their Epiglottis, leſs 
than in grown Perſons, therefore the Voice is generally 
ſharper. , 

45. And her as eaſy is it to account for an Expe- 4 5.7heRea- 
riment which at firſt Sight has ſurprized a great many 5. 4 — 
Perſons ; which is, that if two Strings of the ſame Lute, Nene, 4 


rings that 
or of different Lutes that are near one another, be. Uni- areConcordte 


195 


alſo, at leaſt it will tremble ; whereas it will not tremble 
at all, if we move any other String near it, which is not 
a Concord. Now the Reaſon of this Experiment is, that 
the Strings which are Concords, are capable of the ſame 
Vibrations; ſo that the Air which is put in Motion by 
the one, can very conveniently communicate its Vibra- 
tions to the other; which cannot be in two Strings that 
are not Uniſans ; for there is no Agreement in them, be- 
cauſe the Air which is put in Motion by the one, does 
not find the other at all diſpoſed to receive its Motion; 
and every Stroke, except the Firſt, is out of Time, ſo 
that by not agreeing they deſtroy each other's Motion. 
46. This Experiment has raiſed the Admiration of ma- ; ty ap 
ny Perſons for a long time, and ſome have undertaken to =D Found 
account for it, by ſaying, that there is a Sympathy be- in ber 
tween the two Strings ; but, beſide that this is only a Way 4. 
of ſpeaking, we may obſerve, that the Diſpoſition which 
a Body has to move, when the Air is ſhaken by another 
Body, (2) is to be found in other Things as well as in the 
Strings of a Lute, or other Muſical Inſtrument : This 1 
have experienced in the late Wars, when I have obſer- 
ved the Glaſs-Windows to tremble very ſenſibly upon 
the beating of a certain Drum, and at the ſame time 
would not tremble at all upon the beating of others which 


were much louder. 


\ 


(1) But the otber will Sound alſo) 
So likewiſe if two Glaſſes, by put- 
ting in a proper Quantity of Water, 
be made Uniſons ; the preſſing our 
Finger hard upon the Edge and mov- 
ing it round either of them, will 


make the Water in the other curl, 


and dance about. 
2) Is to be found in other Things) 
Thus Mr, Boy/s relates concerning a 


Vor, I. 


ſick Man that had his Left Hand cut 
off ; upon the diſcharging of Can- 
nons, he thought himſelf almoſt 
ſhattered and torn to Pieces; and of 
another, that upon ſcraping a piece 
of Iron with a Knife, he could not 
hold his Water; and of a Third, 
that upon tearing thick Paper his 
Gums would bleed, See bis Egett of 
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47. To theſe Sort of Motions, I conceive we ma 
aſcribe the Cauſe of a certain Shivering, which we ſome- 
times feel all over our Body, and which reaches even to 
we feel vpn our very Heart, when we hear the Sound of a Trum- 


rods Fe pet, or ſuch kind of Inſtrument ; For it may be that the 
Blood is fo diſpoſed, as to yield eaſily to the trembling of 
the Air. 

43. Howwe 48. And becauſe the Membrane of the Ear, which is 

— e. moved by the Agitation of the external Air, the dif- 

tive, ſo a ferent ſhaking of which cauſes different Motions in the 

ro bear Capillaments of the Nerves of the Ear, is ſomething 

Laage 5 like the Parchment of a Drum (and is therefore by ſome 


called the Drum of the Ear;) I am of Opinion, that it is 
capable of being more or leſs ſhaked, according as it is 
more or leſs ſtretched. Wherefore J can eaſily perſuade 
my ſelf, that we ſometimes ſtretch or looſen it, in or- 
der to receive the Impreſſion of the Sound more ſenſi- 
bly, and to make it the better agree with the Motion of 
the external Air: So that Attention conſiſts in nothing 
elſe but in a due ſtretching or looſening this Membrane; 
and keeping it in that Poſition in which it will beſt re- 


ceive the Impreſſion and Motion which the Sound give: 
to the external Air. 


GR ccd 
CHAP. XXVII. 


Scr 


Of Light and Colours, and of Tranſparency, and 
Opakeneſs. 


1. The fir 1 F in any Thing Exactneſs be required in the Meaning 
e * of Words, in order not to be ſurprized by any Equi- 
and Calf, VOCALION, it is principally in this of Light and Colours, 
which are commonly uſed to ſignify very different Things, 
and generally confounded by moſt Men. Firſt then it is 
to be obſerved ; that as we have given the Name Pain to 
the Senſation, which is raiſed in us by a Needle when it 
pricks us; ſo likewiſe have we given the Name Light to 
that Senſation which we have, upon looking on the Sun 
or a F lame, and that of Ce/our to the Schfation raiſed in 
us by diverſe Objects which we call coloured; thus in 
particular, we give the Names of a Vite Colour and a 
. Green Colour to the Senſations which $:9w or Graß u- 

ſaally produce in us, 


2, Secondly, 
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2. Secondly, By theſe Words, Light and Colour, we 2. _—_ 
alſo underſtand, that on the Part of the extetnal Objects — 
which is the Cauſe of exciting in us the forementioned and Colour, 
Senſations : Thus by the Light of the Flame. we mean 
ſomething, I know not what, which occaſions the Sen- 
ſation of Light to be excited in us; and by the /Yhiteneſs 
of the Snow, we underſtand ſome other Thing, I know 
not what, that is the Occaſion of our having the Senſa- 
tion of Mphiteneſſ. 

3. And becauſe the Objects which we call luminous, 3: 4 third 
ſuch as the Siin or a Flame, do not affect our Eyes im- 2 
mediately, but act by the Interpoſition of ſome interveen- 
ing Bodics, ſuch as Air or Water or Glaſs; yet that which 
is imvrefſed on theſe Mediums, whatever it be, is called 
Li-t alſo, but Secondary or Derivative, to diſtinguiſh it 
from that which is in the luminous Objects which is cal- 
led original or innate. 

4. We call thoſe Bodies Tranſparent, through which ders" oh 
luminous Bodies act upon our Eyes to raife the Senſation =Y 
of Light, and through which we can alſo ſee Colours. Tranſparent 
And we call thoſe Bodies Opake which interrupt the Acti- *, Yate 
on of luminous or coloured Bodies, or through which we 
cannot ſee either Light or Colours. 

5. I do not pretend to declare what Light and Colours 5: Dat the 

.. 3 i . Senſation of 
are in the firſt Senſe of the Words, but leave it to every Ligbe or Co- 
one to make them clear to himſelf by his own Experi- har cannot 
ence; for I think it as impoſſible to give another Perſon # described. 
a true Notion of that particular Senſation that we have of 
Colours, as it is to give it to one that is born blind. 

6. However, I may venture to affirm, that as it of- 2 
ten happens that the ſame Food may at the ſame time 2 
raiſe different Taſtes in two different Perſons; fo it may dest nee ne- 
alſo happen, that two Perſons looking in the ſame man- <{#rily raije 
ner upon the fame Object, may have very different Sen- — 
ſations; and I am the more perſwaded of this, becauſe aiferent per- 
{ have experienced it in a particular manner my ſelf. Vt. 

For when I had once quite tired and weakned by right 
Eye by looking intently for above twelve Hours toge- 
ther through a perſpective Glaſs on a Battle betwixt two 
Armies, within a League of me; I found my Sight ſo 
affected afterwards, that when I looked upon Yellow Ob- 
jects with my right Eye, they did not appear to me as 
they uſed to do, nor as they now do to my left Eye: 
And, which is very remarkable, I do not find the ſame 
Difference in all Colours, but only in ſome; as for in- 

O 3 ſtance 
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ſtance in Green, which appears to me to come near to with t 
a Blue, when I look on it with my right Eye. This Ex- OP"? 
perience makes me believe, that there may be ſome Men 4 
born with that Diſpoſition, which I at preſent have in 
one of my Eyes, and which may continue all their 
Lives, and perhaps there are others whoſe Eyes are of 
the ſame Diſpoſition with my other Eye. However, it 
is impoſſible, either for themſelves or any other Perſons 
to perceive it, becauſe every Body accuſtom themſelves 
to call the Senſation which a certain Object produces 
in him, by that Name which it uſually goes by ; which 
yet being common to the different Senſations that every 
one may poſſibly have, is not the leſs ambiguous. 
7-Ariftotle's 7. Before I come to that Enquiry which I deſign, viz. 
8 „ what Light is, and what the Colour of Objects is, which 
en, js the principal Deſign of this Diſcourſe ; I obſerve, that 
Ariſtotle has treated of the ſame Subject, in the 7th 
Chapter of his Second Bcok Concerning the Soul ; where, 
after having ſaid, that Colours depend upon Light in order 
to their being ſeen, he concludes, that theſe two Qua- 
lities ought to be explained together. And in order to 
determine what Light is, he ſuppoſes that ſome Bodies are 
tranſparent, ſuch as Air, Water, Ice, Glaſs, and ſuch like. 
And becauſe we cannot ſee through any of theſe Bodies in 
the Night, he ſays, that then they are in Power only tran- 
parent, and that in the Day-time they become actualh 
tranſparent ; And becauſe it 1s Light alone that can bring 
this Power into Act, he concludes, that Light is the Af 
of a tranſparent Body as tranſparent. 
3. Hi: Opi- 8. As to Colour, he obſerves, that ſince the Object in 
dien ebout which it is, does not apply it ſelf immediately to our 
Colours, E . d Tr 82 (: . . . ſt firſt 
yes, in order to raiſe any Senſation in us, it mu 
move the Medium which is betwixt that and us; and be- 
cauſe it cannot be perceived through Opake Bodies, nor 
can it be ſeen through thoſe that are only tranſparent in 
Power, he concludes, that Colour is that which moves Bo- 
dies which are attually tranſparent. 
g- Jhat be 9. Though Ariſtotle in the forecited Chapter, has not 
— 7 . ſearched this Matter to the Bottom, yet he affirms, that 
— ind be has ſufficiently explained what Light, and Colour, and 
wobat Light Tranſparency are, and imploys almoſt all the remaining 
— Part of his Diſcourſe, in refuting the Opinions of ſome 
25 Philoſophers that were before him. However he adds, 
that Light is not Fire, nor a Body proceeding from a 
Luminous Body, and paſſing through a tranſparent one ; 
but only the Preſence of Fire, or any other luminous Body 
7 wil 
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to Þ with the tranſparent Body. But upon conſidering this 

x- © Opinion, I ſee no reaſon to be fully ſatisfied with it, as 

en Þ if it could not be carried any further than Ariſtotle has 

in done, or at leaſt, that it cannot be more diſtinctly ex- 

eir W plained. For it is certain, we are till at a loſs to find 
> of cout more particularly what the Nature of tranſparent 

it Bodies, and alſo what the Nature of luminous Bodies 
Ons is; and further how the Preſence of the Latter operates on 
ves the other, to bring its Power into Act; and laſt of all, 
ces what that is which moves a Body that is actually tranſ- 
ch parent, | 
ry 10, This ſome of the Commentators upon Ari/tatle 10. NR 
have acknowledged; and though they might have had _ 1 
ſome Light from what he has ſaid in his Problems, and lower: is 
particularly from (1) the 61ſt of the Eleventh Seation ; yet concerning 
they have either overlook'd what he has ſaid in this c$,,., 
Place, or at leaſt not rightly underſtanding him, they 
have advanced ſomething which it does not appear that 
Ariſtotle ever thought of, viz. that Light and Caleurs in 
the Objects which we call luminous or coloured, are 
Qualities exactly like thoſe Senſations which they occa- 
ſion in us and (as ſome of them contend) they ariſe 
alſo from a Mixture of Hot and Cold, of Dry and 
Moiſt. And for Proof of this (beſides their thinking, 
that they have Ariſtotle on their Side) they affirm, that 
it would be impoſſible for luminous or coloured Bodies 
to cauſe thoſe Senſations in us which we feel, if there 
were not in them ſomething very like what they cauſe 
us to feel; for, ſay they, nothing can give what it has 
not, 
11. But, beſides that Ari/totle has faid nothing poſi- . — 
tively concerning what they have advanced, Authority —— 
ſtands for nothing, when we are inquiring after Reaſons br they 
only, And as to what they alledge, it will appear to be ert. 
only a mere Sophiſm, if we reflect ever ſo little upon 
the Pain which we feel when we are pricked by a Needle; 
for this ſhows us, that it is not at all impoſſible for an 
Object to be able to excite in us a Senſation which it ſelf 
has nothing of. And this is ſtill further confirmed 
from hence, that two Men may ſee the ſame Object 
differently, as was before obſerved, I my ſelf ſeeing Yel- 


low differently with my two Eyes. 


(1) The 6, of the Eleventh See- veiy much for the Propagation of 
tion) Where, after having propoſed Light in fireight Lines. See the 
this Queſtion, Why we cannot ſee Moves en the latter Part of the 15th 
through an Opake Body. He argues Art. of this Chapter. 

| O4 12, But 
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= 12. That it 19, But that which moſt evidently ſhows, that it is not 15. 
= be erte. at all neceſſary there ſhould be any Reſemblance between of the 
= the Quality of the Object, and the Senſation it excites, of puſ 
_ is this ; that we certainly have very ſtrong Senfations of Pores « 
- Red, and Yellow, and Blue, and all other Sorts of Co- or deri 
=o lours, upon looking through a Triangular Glaſs Priſm, this N 
5 A in which no one ever ſuſpected that there was any Thing in a/ 
_ like the Senſation which it raiſes in us. 
__ 13. The Ab- 13. That which others of them ſay concerning the 0 
= ſerdity of Original of Colours is ftill more abſurd. For what Con- Rk 
_ the Opinion . . ; , , 
_ of ſome of nexion is there betwixt the Ideas we have of Hot and fiſts int 
—_—_ tbe Ariſſo- Cold, Dry and Moiſt, and thoſe which they ſuppoſe us of 1 
_— telians. to have of Colours: If what they ſay were true, it would Ti ki 
= from hence follow, that the ſume Object ought to have imagin 
_— as much Variety of Appearances to the Eyes, as it raiſes _— 
4 i different Senfations to the Touch; which does not agree od 
. f with Experience: On the contrary, there are ſome Bo- which 
1 dies, ſuch as poliſhed Steel, and Lobſters, which when 3 
1 heated by the Fire, acquire a certain Colour; but when the D 
iÞ made cold by dipping them in Water, they do not alter yon 0 
8 * their Colour. Nac 
— 14. A C | 14. Leaving therefore the Opinion of Ari/totle and neſs. 
=_ 2 £4 5 his Followers, concerning Light and Colours, let us now 7 8 
. . of 275 conſider what Part we are to take upon this Subject. And Tims 
nn with that Firſt, Since we have no Reaſon to ſay, that the Light of the 
_ 1 of Pam, luminous Bodies is any Thing elſe but he Power which en 
- they have to produce in us that very clear and bright Senſa- in u 
1 tion which we have when they are before us; Why ma or 1 
=_ we not compare this Power with that which a Needle > 
; has to cauſe Pain in us? Since then the Senſation which but 
a Needle raiſes in us, ſuppoſes only that we are fenſitive ny 
Creatures; and nothing more is required in the Needle but p 
its, Figure and Hardneſs, which are alone ſufficient to ter 
cauſe a Diviſion in the Part to which it is applied: So — 
| likewiſe it is reaſonable to think, that the Senſation of 17 
5 Light depends upon this, that we are by Nature made thy 
4 capable of this Sort of Senſation ; and that there is in 7 
vx the Pores of tranſparent Bodies, a Matter fine enough th 
=_ to penetrate even Glaſs, and yet at the ſame time ſtrong ft 
2 enough to ſhake the ſmall Capillaments of the Nerves 7 
=_ which are at the Bottom of the Eye. Further, as there 7 
= muſt be ſome Agent to puſh the Needle into us, fo like- A 
2 ( wife muſt we think, that this Matter is puſhed by the ; 
1 zuminous Bodies, before it can make any Impreſſion on f 
1 the Organ of Sight. | 
_— 2 | 15. Thus 8 
r 


Chap. 27. of NATURAL PHILOSOPHY, 
15. Thus (1) Original Light confi 


of the Parts of luminous Bodies, whereby they are capable 
of puſhing every way the ſubtil Matter which fills the 


Pores of tranſparent Bodies ; 
or derived Light confiſts in the Diſpoſition or Tendency of ; 


and the Eſſence 7 ſecondary 


this Matter to recede from the Center of the luminous Body 


in a ftreight Line. 


(1) Original Light—Secondary or 
derived Light) Original Light con- 
ſits intirely in a particular Motion 
of the Particles of the luminous Bo- 
dy; not whereby they puſh forward 
that fictitious Matter which Carte: 
imagined the Pores of tranſparent 
Bodies to be filled with; but where- 
by they ſhake off ſome very ſmall 
Particles from the luminous Body, 
which are ſent forth all Ways with 


' a very great Force: And Secondary 


or Derivative Light conſiſts, not in 
the Diſpoſition, but in the real Mo- 
tion of thoſe Particles receding eve- 
ry way from the luminous Body in 
ſceight Lines with incredible Swift. 
neſs. For if Light conſiſted only 
in Preſſure, it ought to be propaga- 
ted to all Diſtances in a Moment of 
Time; which i: certainly is not (See 
the Notes on Art. 30. below) And it 
would not be propagated in ſtreight 
Lines, but it would perpetually run 
in upon the Shadow. For Preſſion 
er Motion cannot be propagated in a 
Fluid in right Lines beyond an Obfta- 
cle, which flops part of the Motion, 
but will bend and ſpread every Way 
into the quieſcent Medium, wwbich lies 
beyond the Obſtacle. Gravity tends 
downwards, but the Preſſure of Wa- 
ter ariſing from Gravity, tends every 
way with equal Force, and 1s propa- 
gated as readily, and with as much 
Force fideways as downwards, and 
through crooked Paſſages as through 
fireight ones. The Waves on the Sur- 
face of flagnating Water, paſſing by 
the [ides of a broad Obſtacle which 
epi fart of them, bend afterwards, 
and dilate themſelves gradually into 
the guiet Water bebind the Obſtacle. 
The Waves, Pulſes or Vibrations of 
the Air, wherein Sounds conſiſt, bend 
manifeſily, tteugb nat ſo much as the 
Waves of Vater. — And Sounds are 
Fr pagated as readily through crooked 
Pipes as through ftreight ones, But 

1 bt 1s never known to fol ow crook 
ed Paſſages, nor to tend into the 


hence it is eaſy to infer, that the 


Form 


Shadow. Newt, Opticks, pag. 337+ 
Rays of Light therefore muſt be 
ſmall Corpuſcles ſent forth from lu- 
minous Bodies with a very great ce- 
lerxity. For ſuch ſort of Corpuſcles 
(contrary to the Preſſion of Motion 
propagated in a Fluid) ought to be 
tranſmitted through uniform Medi- 
ums or void Spaces in ſtreight Lines, 
without bending into the Shadow; 
as we fee the Rays of Light are 
tranſmitted, 

Concerning that Force by which 
theſe Corpuſcles are ſent forth with 
ſuch incredible Celerity, that they 
are carried above 7000000 of 
Miles in a Minute (See the Notes on 
Art. 30. below.) the admirable Per- 
ſon before-cited ſpeaks thus, Thoſe 
Bodies wwhich are of the ſame kind and 
have the ſame Virtue, the ſmaller they 
are, the ſtronger is their attraftive 
Force in Proportion to their Bigneſi. 
(See the Notes on Chap. xi. Art. 15.) 
We find this Force ftronger in pro- 
Proportion to their Weight in ſmall 
Magnets than in larger ones; p the 
Particles of ſmall Magnets, becauſe 
they are nearer one anather, can the 
more eaſily unite their Forces together, 
Wherefore it is reaſonable to expe, 
that the Rays of Light, fince they 
are the ſmalleſt of all Bodies (that we 
know of \ ſhould be found to bave t be 
frrongeſt attractive Force of all. How 
ftrong this Force ii, may be gatbered 
from the following Rule. The At- 
traction of a Ray of Light, in pro- 
portion to the Quantity of Matter it 
contains, is tithe Gravity which any 
Frejected Body bas, in proportion t9 
the Yuantity of Matter contained in 
it, in a Ratio compounded of the 
Velocity of the Ray of Light, to the 
Velocity of the projetted Body, and of 
the Bending or Curvature of the Line 
which the Ray deſcribes in the Place 
of Refradtion, to the Bending or Cur- 
wature of the Line which the project - 
ed B:dy deſcribes : viz. if the Inclt- 
nation of the Ray to the refratting Su. 
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Part I, 


Form of a Tranſparent Body conſiſts (1) in the Streightneſs 
of its Pores, or rather, that they croſs each other all ways 
without any Interruption, and on the other hand, a Body 
is opake, becauſe none of its Pores are flreight, or if they 
be, they are not penetrable quite through, and all ways. 


Per ficies, be the ſame az that of the pro- 
Jefied Body to the Horizon. And from 
this Propertion I collect, that the At. 
traction of the Rays of Light is more 
than Toa00000000000000 time: 
greater than the Gravity of Bodies on 
t be Superficies of the Earth, in pro- 
Portion to the Quantity of Matter con- 
tained in them ; viz. if Light takes 
up about ſeven or eight Minutes in 
coming from the Sun to the Earth.— 
Now, as in Algebra, where affirma- 
tive Quantities vaniſp and ceaſe, tbere 
Negative ones begin; ſo in Mecba - 
nicks, where Attraction ceaſes, there 
a repulſive Virtue ought to ſucceed — 
Therefore a Ray, as ſoon 2s 1t is ſhaken 
off from a ſhining Body, by the wibrat- 
ing Motion of the Parts of the Body, 
and gets beyond the Reach of Attrac- 
tion, is driven away with exceeding 
great Velocity. Opticks, pag 370. 
(1) In the ftreightneſs of it: Pores) 
Thus Ariftotle clearly expreſſes him- 
ſelf. The Sight will not penetrate 
ſolid Bedies, becauſe it can go only 
through a freigbt Paſſage (this the 
Rays of Sun are an Evidence of, and 
alſo our not ſeeing any Objects but 
what are right before us ;) when there. 
fore the direct Progreſs of the Sight is 
hindred by the Pores not being all 
Freight, it cannot paſs througb. But 
ebe Sight will paſs through fluid Bo. 
dies, becauſe the Pores are ſmal! and 
ſtreig ht; ſo that it is not hindred from 
going through them. Wherefore Glaſs 
1s tranſparent though it be very thick; 
out a piece of Modi not eranſpa- 
rent, tbougb it be very thin, becauſe 


the Pores of the former are regular, 


ard th:ſe of the latter irregular. Ner 
does therr being large ſignify any thing 
if they be not freight ; neither are 
rarer Bodies the more tranſparent, 
unleſs their Pore: are ſo diſpoſed as 
'3 aamit , a Paſſage. Prob. 61. Sect. 
It. And indeed that ftre'ght Pores, 
or rather ſuch as croſs one another e- 
viry way hom all Sides, are neceflary 
to a Booy s being tranſparent cannot 
be doub ed: But how it can be, that 
not only Glaſs and D:amonds, but a] ſo 
Watet, whoſe Parts ate ſo ealy to be 


16. I doubt 


moved ſhould have its Pores ſtreight, 
and eaſy to paſs through from all 
Sides ; and all Ways, and yet at the 
ſame time, the thinneſt Paper or even 
Leaf-Gold, for want of ſuch Pores, 
ſhould exclude the Rays of Light; 
is not eaſy to be conceivid, Where- 
fore we muſt ſeek for another Cauſe 
of Opakeneſs, 

We muſt know then, that all Bo- 
dies whatſoever, have in them much 
fewer Parts, and much more Pores 
or void Spaces, than is requiſite for 
the greateſt Number of Rays of 
Light to find a free and open Pal. 
ſage in ſtreight Lines all ways with- 
out running upon the Parts. For 
fince Water is nineteen times lighter, 
that is, rarer than Gold; and Gold 
it ſelf is ſo rare, that it will very 
eaſily, without making any Reſiſt- 
ance, ſuffer the Magnetick Effluvia to 
paſs through it, and will eaſily ad- 
mit Quick filver into its Pores, and 
will alſo let Water go through it, that 
is, it has more Pores than ſolid Parts; 
conſequently Water will have above 
forty times as many Pores as ſolid 
Parts, And indeed you may think, 
Gold and Water, and all other Bcdies 
(with great Probability) as much rarer 
ſtill as you pleaſe. For if we conceive 
the Particles of Bedies to be ſo diſpoſed 
among fl themſelwes, that the Inter. 
wals, or empty Spacer between them, 
may be equal in Magnitude to them 
all : and that theſe Particles may be 
compoſed of other Particles much frat. 
ler, which bave as much empty Space 
between them, as equals all the Mag. 
vit des of be ſmaller Particles ; 
And that in like manner, theſ. ſal. 
ler Particles are again compoſed of 
otbers much ſmaller ; all which toge- 
ther, are equal to all the Pores or 
empty Spaces between them, and /a 
on perpetually, till you come to ſolid 
Particles, ſuch as bave no Pores er 
empty Spaces eeithin them. And if 
in any greſs Body there be, for in- 
ance, three ſuch degrees of Particles, 
the leaſt of which are ſolid; this Bo- 
dy cuil bawe ſe ven times more Pore 


than ſohd Parts, Bat if there be 
| / four 
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16, I doubt not but that this Opinion will be eſ- 16. 4Con- 
teemed a Conjecture only. But if it ſhall afterwards be g and 
made appear to have in it all the Marks of Truth, and . 
that all the Properties of Light can be deduced from it: 

I hope that That which at firſt looks like a Conjecture 
will be then received for a very certain and manifeft 
Truth, 

17. And firſt, that we are fitted by Nature to per- 17. Thar - 
ceive what we call Light, though there were nothing . are f*ted 
that bore any Reſemblance to it without us, we have Libr, "hs 
a very convincing Experience : For if, when it is the 
Darkeſt that can be, we rub our Eyes in one particu- 
lar manner, or if by chance we receive a very hard 
Blow upon them, ſo that the internal Parts of the Eyes 
are very much ſhaken by the Blow, we ſee Light, and 
very bright Sparks, which ceaſe as ſoon as the Motion 


ceales. 


four ſuch degrees of Particles, the 
leaſt of which are (olid, the Body 
toi Bade fifteen times more Peres 
than ſolid Parti. If there be pve 
Degrees, the Body will bawe one and 
thirty times more Pores than Parts. 
If fix Degreer, the Body will bave 
Sixty and three times more Pores 
than ſo/id Parts, and ſo on perpetu- 
ally, Newt, Opt. p. 243. 

The Reaſon therefore why ſome 
B: dies are Opake, is not the want of 
Pores which are paſſable cn every 
Side in ftreight Lines; but either 
the unequal Denſity of the Parts, or 
th: Largenefs of the Pores, either 
files with other ſort of Matter, or 
elle empty; by which means the 
Rays of light in paſſing through, are 
perp**ual'y bent backward and for- 
ward by uin 1m-+4ble Reflections and 
Refractions, till at i»ft they hit upon 
the Parts themſelves of the Body 
(See the Notes below on Art. 35.) 
and ſo are wholly extinguiſhed and 
loſt. Hence it is, that Cork, Paper, 
Wood, Cc. are Opake ; and Glaſs, 
Diamonds, Cc. tranſparent. For 
in the Confines of Parts that are 
alike, and of equal Denſity, as the 
Parts of Glaſs, Water, and Diamonds 
are, by reaſon of the equal Attracti- 
on on all Sides, there is no Reflexi- 
on or Refraction ; and therefore the 


Rays of Light which enter the firſt 


Superficies of theſe Bodies ea fily go 
on (except ſuch as chance to fall 
upon the ſolid Parts, and are extin- 
poiſhed, Spe tb. Notes on Art, 35» 


below) in a right Line through the 
whole Body. But in the Confines of 
Parts which are very unequal in Den- 
tity, ſuch as the Parts of Wood or 
Paper, compared with each other, or 
with the Air, or empty Space in 
the larger Pores of them, the greateſt 
Reflexions or Refractions are made, 
hecauſe of the unequal Attraction; 
therefore the Rays can by no meang 
paſs through fuch Bodies ; but are 
perpetually bent backward and for- 
ward, and at laſt loſt, That this 
Difcontinuity of Parts is the princi- 
pal Cauſe of the Opacity of Bodies, 
will appear by confidertrg that O- 
fate Subtarcer become tranſparent, 
by filling up their Pares with any 
Subflance of equal, or almoſt equal 
Denſity with their Part.. Thus Pa- 
per dipp'd in Water or Oil, the O- 
culus Mundi Stone fleeped in Water, 
L irnen-Cloth oiled or var bed, and 
many other Subftances ſoaked in ſuch 
Liguors as will intimately peruvade 
the little Pores, become by that means 
more tranſparent than atberwiſe ; ſo, 
on the centrary, the moſt tranſparent 
Subflances may by evacuating theiy 
Pores, or ſeparating their Parts be 
rendered ſufficiently epake, as Salte 
or wet Paper, or the Oculus Mundi 
Cone, by being dried, Horn by being 
ſcraped, Glaſs by being reduced to 
Puroder, or otherwiſe flawed ; —= 
and Water by being formed into many 
ſmall Bubbles Gecame Opste, Newt. 


Opt. p. 224. 
18. Fur- 
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18. That 


| 28. Further, That there is ſuch a Thing as ſubtil 
22 Matter which penetrates the Pores of tranſparent Bodies, 
ſubtil Mat- the Diſpoſition of which to recede from the Center of 
fer, 444% the luminous Body in ſtreight Lines, may here be called 
"ar ” ſecondary or derived Light, has been ſufficiently proved 
before, when we ſhewed the Neceſſity of the ſecond E- 

lement; and we may venture to affirm, that none of 

thoſe Things would come to paſs without it, which we 

have before obſerved to come to paſs, when we explained 


thoſe Motions which are uſually aſcribed to the Fear of 
a Vacuum. 


19. That 19. Nothing further remains, but to ſhow that lumi- 
„eig, Be- nous Bodies do actually puſh this Matter every Way; 
dies pu 


ebis Matter Which they will be found to do, if it be true, that the 
ell Way:; Parts are very ſmall, and very much agitated. Let us 
3 at it then examine all the luminous Bodies that we know, and 


Flame con- ſce if the Parts of which they are compoſed, be not as 


fei in. ſmall, and as much agitated as we ſuppoſe. And to be- 

gin with Flame. It has been already fo plainly demon- 
ſtrated, that it is compoſed of Parts very ſmall, and 
which move with the greateſt Celerity, that it is ſu- 
perfluous to ſay any more about it. 

20. Whence 20. We ſee alſo, that there ariſes very bright Sparks 

f — _ if; upon ſtriking a Flint againſt Steel, or two Flints againſt 


upen firiking each other, or an Indian Cane againſt a common one, or 
or rubbing by ſtroking the Back of a Cat in the Dark, when the 
exo Pard Weather is dry and cold, (1) and in a Multitude of other 
gainfteach Things. The Cauſe of all which, is only this, that 
other, ſome of the Particles of theſe Bodies being entangled be- 

tween others, when they are ſtruck, acquire in flying off, 


a Motion like that of Flame, by which they in like man- 


ner puſh forward the ſmall Globules of the ſecond Ele- 


ment. 


21. The 21. There is ſome ſort of rotten Mood, and of Fiſhes, 
Cauſe of the when they begin to be corrupted, which ſhine very bright, 
— Wh Now a Body cannot putrify or be corrupted, but by the 
ardof ſome Motion of its Parts, ſome of which fly off (as is evident 
Fifbes that in rotten Wood, from the Largeneſs of its Pores, and 
from its Lightneſs, which render it different from what 

it was before; as a Coal, and the Wood out of which it 


15 made differ from each other.) We muſt own therefore, 


(1) And in a Multitude of other quick and rubbed, will ſhine bright, 
Ting.) Thus likewiſs Amber tub- rot by impelling cr preſſing upon the 
bed very bord in the Dark; Quick Particles of the ſecond Element, for 
Ker ſhaken in a Vacuum; and a there is no ſrch Thing; but by 
Claſs out of which the Air is ex- ſending forth ſmall Particles which 
hivfte?, if it be turned rou d very ore the very Light it (elf, 
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that the Motion of the Parts which we ſuppoſe in lumi- 


nous Bodies, (1) is to be found here alſo, 

22. It is not ſo eaſy to tell certainly, what ſort 
Motion that is, which makes ſome Worms and Flies to 
ſhine in the Dark: However it is ve 


3 is exhaled out of theſe Inſects, like 
the of other Animals, and that this puſhes the 


Matter of the ſecond Element; and this is confirmed 
from hence, that they ceaſe to ſhine as ſoon as they 


are dead. 


23. The Sun and the Stars are the moſt luminous Bo- 
dies of any that we know; but by reaſon of their great 
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of 22. Of the 
Ligbt of 
Glow- 
probable, that worme. 


23. Of the 
Light of the 
Sun and 


Diſtance, it is impoſſible to make appear by any Experi- Stars. 
ments taken near them, that all their Parts are in Mo- 
tion; all that we can affirm, is only this, that we do not 
obſerve any Thing to the contrary: And ſince they pro- 
duce the ſame Effects in us, that Flame does, we 
ought to think, that they reſemble it in that by which 
theſe Effects are produced, viz. in the Motion of their 


Parts. 


24. If it were true, what they ſay of a Carbuncle and 
a Diamond, viz. that they ſhine in the Dark; I ſhould 
freely own, that I am miſtaken in all that I have ſaid in wb they 


about Light; for there is no Probability, that Bodies fo 


hard, ſhould be compoſed of Parts which ſeparately are 4,4 a Dia- 
But it is certain, that theſe nnd. 
idle Stories, told without any Proof, and re- 


in any Sort of Agitation. 
are only 


ceived by credulous Perſons, for J have often times expe- 


rienced the contrary my ſelf. 


25. Tis true indeed, that a Diamond ſhines very bright 
in a darkiſh Place ; but the Reaſon of this is, becauſe it 
is ſo cut, that the Sides reflect all the Light which they 
receive towards the ſame Part, as ſhall be more fully 1. 
explained * afterwards, when we come to treat of the 


Refraction of Light. 


24. That 


Naturaliſfts 
are deceived 


relate'of a 
Carbuncle 


25. What 


the Brigbe- 
neſs of a Di- 


amond con- 


Seck. 46. 


26. We have lately had an Account from England, 26. Of 'be 
that (2) ſome Diamonds rubbed in the Dark, have ſhined oy ws 


tamond, 


ſo bright for a ſhort time, that a Word or two might be when it 15 
read by Light of them. I have not obſerved this in any * 


(1) Is fo be found bere alſo) 
The famous Mr. Boyle made an Ex- 
periment of this Matter, which is 
very well worth taking notice of. 
He put a piece of rotten Wood into 
the Air Pump, which was in a 
Manner extinguiſhed and ceaſed to 
mine, when the Air was exhauſted ; 


but upon letting the Air in again, it 
ſeemed to de new lighted, ard ſhined 
as before. See the Phileſpbical Iran. 
Numb. 31. For this was true Flame, 
ard like all other Flame cannot be 


preſerved without Air. 


(2) Some Diamends rubbed in . 
Dark) ee Art. 20. above. 


Diamonds 
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ſmall Senſation of Light. 
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frining, 


berecf. 


(1) So eaſy to be put in Motion) 
In much the ſame manner may the 
Phoſphorus be accounted for, (the 
manner of preparing it, is at large 
explained by the famous Mr. Boyle, 
to whom I refer you, ) for it is 
very probable, that ſame ſulphureovs 
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Diamonds that I have tried ; however it may be true, 
without contradicting any Thing that I have hitherto 
wrote, For the Rubbing may raiſe ſome Agitation, if 
not in the Parts of the Diamond, yet at leaſt in ſome 
Matter contained in the Pores of it, which continuing in 
Motion in, the fame manner as the Flame in the Pores 
of a burning Coal, may for ſome time puſh the ſecond 
Element which is all round it, and diſpoſe it to raiſe a 


27. Of te 27. Though we have no Jewels which ſhine in the 
Sens. Dark, yet we have a Stone that is truly luminous: This 
Stone was accidentally found by an Italian Chymiſt near 
Boulogn in a hollow Place cauſed by a Torrent. After 
having put it into a Fire for fix Hours, he took it out, 
and let it cool; and when it had been expoſed to the 
Light of the Air for ſome time, upon carrying it after- 
wards into the Dark, he firſt perceived it to look like a 
Fire-Coal covered over with a few Aſhes. I have ſeen 
ſome ſhine near half a quarter of an Hour, after which 
their Light vaniſhed, but by expoſing them to the Light 
of the Air for a ſhort time, we could make them - ſhine 


28. The 28. The Reafon | hereof very probably is, that the 
Reaſon of Fire has made this Stone extremely porous, ſo that a. 
biz Stone's mong the Parts which are almoſt wholly disjoined from 
each other, there may be fome (1) ſo eafy to be put in 
Motion, that the Light of the Air alone is capable of 

N agitating them; and they may be ſo diſpoſed to retain 
this Motion, that they may keep it after they ate re- 
moved from amongſt the luminous Bodies, which put 
them in Motion; and this is confirmed from hence, 
; that when this Experiment is often repeated, theſe Parts 
= exhale, and the Stone quite loſes its ſhining Quality; 
1 which Quality cannot be preſerved above four or five 
I Years, though the Stone be carefully ſhut up in a Box, 

where no Light can come at it. 

29. A Cen- 29, For a farther Confirmation of what has been ſaid, 
firmatim we may obſerve, that if this Stone be kept too long in 
the Fire, or though it be kept in it but fix Hours, yet 


Parts of the Urine, prepared over 2 
very hot Fire, are ſo volatile an! 
eaſy to be put in Motion, that they 
are turned into a kind of Flame, by 
the Agitation of the groſſer, or per- 
haps of the finer Air. 
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e, if the Fire be very hot, all the Parts of it which can- 

to not reſiſt the Fire, may be carried off, and then the 

if remaining Parts may be ſo heavy, as not to be ſhaked 

ne by the Light; in which caſe the Stone ought not to 

in ſhine, and fo we find by Experience. 

eg 30. Having thus ſhown the Truth of thoſe three = *.— 
1d Things which comprehend the whole of our Conjecture, 2 le _— 
A about Primitive or Original Light, concerning what gated in a 


call ſecondary or derivative Light, we obſerve firſt ; "that py me. 
* becauſe it does not conſiſt in the actual Motion of the 
is ſubtle Matter which fills the Pores of tranſparent Bodies, 
Ar but only in the Tendency or Diſpoſition which this 
er Matter has to Motion; it neceſſarily follows, that lu- 
t, minous Bodies, be they never ſo diſtant, ought to pro- 
e pagate their Force, and (1) to affect our Senſes in a 
Moment of Time; becauſe the Matter which 1s puſhed, 
a being extended every way without Interruption, like a 
a very long Stick; the luminous Body cannot puſh for- 
h ward the neareſt Part of it, but at the ſame time it 

muſt impell the furtheſt Part likewife. 
e 31. But perhaps ſome may think, that this Train of gr. 4 Dif- 
Matter which is extended from one Point of the lumi- org — 
nous Body, to a Point of the Object which it illumi- of the Roys 
nates, and which is called a Ray of Light, may more pro- of Light. 
perly be compared to a Thread than to a Stick, becauſe 
its Parts are not ſo firmly connected together, as thoſe 
of a Stick are; and ſo it may be conceived, that as we 
can move one end of a Thread, without moving in the 
leaſt the other End, fo the luminous Body may impel 
t the Matter of the ſecond Element to which it is applied, 
without neceſſarily continuing that Impreſſion to any 
n great diſtance. However, it we conſider, that the 
ö 
; 
4 


mm mn ow ww © CY 


World is full of Matter, and that a Ray of Light is al- 
ways ſurrounded by a great many others, which hinder it 
from bending as a T hread does which is not furrounded 
by others, we ſhall be of Opinion, that every Ray of 


* — — > yoo 


(1) To affet our Senſes in a Mo- 
ment) It appears now from the Phe- 
nomena of Fupiter”s Sate lites, which 
get into the Shadow of Jupiti a 
little ſooner than they ought to do, 
when the Earih approaches towards 
Jupiter; and on the o her hand, 
come out of the Shadow a little la- 
ter than they ought to do, when the 
Earth departs from Fupiter (as ma- 
BY eminent Aſtronomers have ob- 


ſerved) that Light ( which is a real 
Body) is not propagated in a Mo- 
ment of Time, but takes vp about 
ſeven Minutes in coming from the 
Sun to the Esrth, which is about 
$0000000 of Miles (See Nezot Opt- 
P. 252.) What furpriaing Things 
tellow from Lights not being pro- 
pagated in a Moment, but in a certain 
Space of Time. You" may fee in be 
Notes on Part II. Cb. XXV. Art. 3. 
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Light (x) ought to propagate the Force of the luminous 
y in the ſame manner, as if it were as ſtiff as a Stick. 


32+ That a 32. In order to explain what is difficult in this Matter, 

> — as 4 let us compare this Action of the ſecond Element which 

it: Aftimn tranſmits Light, to the Action of Water contained in a 

ebrougb an Jong thick Tube ſtopped at the lower End; and then let 

+ agg us conſider, that all the ſmall Threads of which this groſs 
Column of Water is compoſed, do every one in parti- 
cular preſs with its whole Weight upon the Bottom 
and that if we pour in never ſo little Oil, it will pref 
upon the Bottom in the ſame manner as if we had pour- 
ed it upon a ſtiff Stick. 

| - has to 33. If this Compariſon does not ſeem juſt, becauſe in 


17 22; this Inſtance the Water is contained in a Veſſel; take 
ir is not ne- another: Suppoſe the Surface of the Earth, inſtead of 


= the being unequal and rough as it is now, were round and 
Saal be ſmooth, and imagine it to be covered all over with Wa- 


contained in ter to a certain Height; then would every Point of the 
ary Veſſel. Earth's Surface be preſſed upon by the whole Weight of 
the Thread of Water which correſponds to it; now com- 
pare the Action of the Rays of Light to the Action of 
this Water, and you will find, that they are capable of 
acting in the ſame manner, as if they were as {tiff as a 

Stick. 
34. Why 34. It is true however, and muſt be granted, that there 
tbe Adi is ſome Difference between theſe two Things: For the 
of Light Threads of the Water approach nearer and nearer to each 
— tze Other, and tend to the ſame Center, whereas the Rays of 
more diſtant Light go from the Center and ſpread themſelves towards 
3 the ſpherical Superficies which we may conceive all 
%, round them: But this Difference will only be of uſe, to 
ſhow us the reaſon of a very remarkable Property of 
Light; which is, that the Impreſſion of the luminous Bo- 
dy does not come entire to the Object; but is weakened 
and diminiſh'd a little, according as it ſpreads it ſelf, and 
proportionably to its Diſtance from the Center of Action. 
In order to explain this, let us ſuppoſe the Tube ABC, 
which grows wider towards the Top, to be filled with 
Water as high as DE, and that afterwards with a Sy- 
ringe we put as much Water in at the End A of this 
Tube, as will fill the Space AFG, which is of a conſide- 
rable Height, but of a ſmall Breadth. It is certain, that 
this Addition of Water, will raiſe up the Water at HI a 


(1) Ought to propagate the Force) 
To propagate it indeed , but not 
in ſtre'ght Lines, as Light is really 


Tab. IV. 
Fig. 3» 


propagated, See the Notes on Arte 
15. above. 


little, 


Cha] 
little, 
this E 
we C: 
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little, but that it will be ſcarce ſenſibly raiſed at DE. Now 


this explains the Nature of Light perfectly well. 


For as 


we cannot ſay that the Water at DE is not raiſed at all, 
but only that it is raiſed but a very little: So we may 
conclude, that the further the Rays of Light are diſtant 
from the luminous Body, the weaker they are; which a- 


grees with Experience, 


35. Now as we are certain, that a Body in Motion al- 
ters its Determination when, it meets with another Body 
that reſiſts it: So likewiſe we may conclude, that Light, 
when it falls (1) upon the Surface of a ſolid Body, ought to 
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35- Why 
Ligbt meet - 
ins With cer. 
tain Bodies 
ought to be 
re flected. 


be turned back or reflected. Thus for Example, if the ſmall Fab. Iv. 
Globules which are in the Line CD repreſent the Parts Fis 4. 

of the ſecond Element compoſing a Ray of Light, which 
falls upon the ſolid Body AB, its Action ought to be con- 
tinued towards E, along the Line DE, in ſuch a manner, 
as that the Angle of Reflexion BDE ought to be equal 


to the Angle of Incidence ABC, that is, this Action ought to 


be propagated in the ſame Lines that the Globule C would 
deſcribe, if it were alone, and moved in the Line CD: 


(t) Upon the Surface of a ſolid Ho. 


ch) The Reflexion of the Rays of 


Light is cauſed, not by falling upon 
the Parts themſelves of the reflecting 
Body, but by a certain Power equal- 
ly diffuſed all over the Surface of the 
Body, whereby it ads upon the Ray 
ty attract or repel it, without imme- 
diate Contact; by which fame Power 
in other Citcumſtances the Ray is re- 
tracted ; and by which ſame Power 
it is at firſt ſent forth from the lu- 
cid Body 3 as the fore-cited admira - 
ble Perſon has demonſtrated by many 
Arguments. 

I. Though thoſe Glaſſes which we 
call plain and poliſhed, do indecd 
appear to the Eye to have a ſmooth 
uniform Surface; yet in reality, (ſince 


poliſhing is nothing elſe but wear. - 


ing away and breaking the Protu- 
berances of the Glaſs, with Sand, 
Pulty, or Tripoly) their Surfaces are 
Vety far from being plain and ſmooth ; 
Now if the Rays of Light were re- 
flected by impingirg on the ſolid 
Parts of the Glaſs, their Refl-xions 
cou'd not be ſo exact and regular, 
as we find they are; nay, the Rays 
ought to be diſperſed ail Ways, al. 
mot as much by the beſt poliſſ e! 
Glass, as by the roagheſt, See New, 
Cpt. p. 240, 

* . 


For 


II. If the red and blue Rays 
which are ſ-prrated by a Priſm (the 


manner of doing which, See in the 


Notes on Art. 65, beloww ) be all of 
them caſt on a ſecond Priſm, in ſuch 
manner, thet they are all alike inci- 
dent upon it; the {-ccocd Priim may 
be ſo inclined to the inc dent Rays, 
that thoſe which are of a blue Colour, 
ſhall be all refle&ed by it, and yet 
thoſe of a red Colour (though falling 
with the ſame Obl quity) pretty co- 
piouſly tranſmitted, Now if the Re- 
flexion be cauſed by the impinging 
of the Rays upon the Paits of the 
Glaſs ; how comes it to pals, that 
when all the Rays fail with the fame 
Obliquity, the Blue ſh ud wholly 
impinge on the ſolid Parts, ſo as to 
be all reflected, and yet the red find 
Pores enough in the ſame Place to 
be in a great meaſure tranſmitted ? 
Pag. 239. 

III. Where two Glaſſes touch one 
another, there is po ſenſible Reflexi- 
on; and yet there is no Realon why 
the Rays ſhould not impinge. on h- 
Parts of Glaſs as much when cen- 
tizuous to other Glats, as when cons 
tizaous to Air, 15:4, 

IV. When the Top of a Water 
bubble, made by the working up of 
So3p and Water, by the contigual 
P tuh- 
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For it is evident, that the Globule D ought to have 3 
Tendency, and to be diſpoſed to go where it would really 


go, if its Pawer were put into att. 


And ſince this Glo- 


bule, upon meeting with the Body AB, would neither go 
towards G, nor towards H, but only towards F; it muſt 
be allowed, that it is the Globule F only which is 1mpel- 


ſabſiling and exhaling of the Water 
grows very thin; there is no mani- 
feſt Reflexion, not only at the leaſt 
Thickneſſes, but alſo at many other 
T hickneſſes of the Bubble, which are 
continually greater and greater; and 
yet in the Superficies of the thinned 
Body, where it is of any one Thick - 
neſe, there are as many ſolid Parts for 
the Rays to impinge on as where it is 
of any other Thicknets. 1214. 

V. If the red and blue Rays fe. 


prrated by a Priſm (the manner of 


doing which, as was ſaid before, you 
may fee in the Notes on Art. 65. be. 
leo) be afterward caſt diſt nftly and 
ticceſively upon a thin Plate cf 
any tranſparent Matter, whole Thick- 
neiles grew continually greater and 
greater (ſuch as a Plate of Air con- 
tained between a plain Glaſs, and a 
Glaſs that is alittle gidbous, tuch as 
the O:1eRt-Glais of a loag Telef- 
cope) this Plate in the very ſame 
Part of it will reflect all the 4 
that are of one Colour, and tranſmit 
all thoſe that are of another Colour; 
in different Parts of it, it will tranſmit 
Rays of the fame Cylour at one 
'Phickreſs, and reflect them at ano- 
ther, and this by innumerable Fitts, 
Now it is not any way to be ima- 
gined or conceived, than it can fo 
happen by chance, that in the wery 
ame Patt of the Pate, and with ihe 
very tame Obi'quity of the Rays, 
all the Rays that are of one Colur 
mould impinge upon the lid Parte, 
and all the Rays that are of another 
Colour ſhauld hit upon the Pores 
Oniy 3 and that in d:?ferent Paris ef 
the Plate, in ene Place the blue 
Rays ſhould all impinge upon the 
Parts of the Body, and the red Rays 
run all into the Pores; ard in an0- 
ther Place here the Plite is a little 
thicker or a little thinner, cn the 
contrary the blue R-vs only ſhou d 
run all into the Porte, ard zli the 
red Rays impinge upon the Parts. 
Lag. 240. 

VI. In the Paſſace of Light cut of 
Gaſs into the Air there is a Reflexi- 


led 


on as ſtrong as in its Paffage out 
of Air into Glaſs, or rather a little 
ſtronger, and by many degrees ſtron. 
ger than in its Paſſage out of Glaf 
into Water. And it ſeems not pro- 
bab'e, that Air ſhould have more re- 
flecting Parts than Water or Glaſs, 
But if that ſhould poſſibly be fup. 
poſed, yet it will avail nothing, fur 
the Reflexion is as ſtrong or ſtronger 
when all the Air is removed from 
the further Surface of the Glaſs, a 
when it is adzacent to it, P. 237. Now 
if any one ſhould imagine accord. 
ing to the Opinion of Cartes, that 
the ſubtil Matter at the further Sur. 
face of the Gliſs is denſer than any 
other Matter whatſoever, and upon 
that Account mate ftrong to refle& 
Light than any other Bodies; be. 
ſides that we have before demon- 
ſtrated that that Matter is only a ficti- 
tious Thing ; and that if we ſhould 
allow this Matter, and its Power to 
reflect Light, the Light could not be 
propagated by it at the Beginning, 
but muſt immediately be all reflected 
back upon the lucid Body as ſoon 
as it is tent forth from it; beſides 
theſe, I ſay, he will be convinced of 
the Falſuy of this Fiction by the 
tollow'ng Experiment. 

VII. If Light in its Paſſage out 
of Gizfs into Air be incident more 
obliquely than at an Angle of 40 or 
41 Degrees, it is wholly reflected, 
it leſs obliquely, it is in great mea- 
ſure tran mitted. Now it is not to 
be imagined, that Light, at one De- 
gre: of Ob!'quity, ſhould meet with 
Pores enough in the Ar to trant- 
mit the greater Part of it ; ard at 
another degree of Obliquity ſhould 
meet with nothing but Parts to re- 
flect it wholly ; eſpecially, conſidet- 
ing, that in its Paſſage out of Ar 
into Gla's, how oblique ſoever its In- 
cidence be, it finds Pores enough in 


the Gla's, to tranſmit a great Part of 


it. If any Man ſuppoſe, that it is 
not re ſlected by the Ar, but by the 
outmoſt ſuperficial Parts of the Glas, 
that will appear to be falſe, by 2p. 
plyiog 
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av . . . * * . . 
_ led by it, and which receives its Action. And this is 
G confirmed by Experience. For when the Light falls up- 
As on the Surface of any Opake and ſolid Body, as Gold or 
r. 5 Steel, we ſee its Rays are reflected, and the Angle of this 
; ry Reflexion is equal to the Angle of Incidence. eh 
* 36. Now this being fo in one ſolid Body, ſuch as Gold , . 
or any other Metal; as it is a general Truth, it ought to eranſparenc 
* extend to all Sorts of ſolid Bodies, and the Light ought NS Out 
I — . . * ame 
n to be reflected in Angles equal to thoſe of their Incidence. — * 
Clas Wherefore ſince the Pores of two tranſparent Bodies which Ligbt. 
* touch each other, cannot exactly anſwer to one another; 
3laſs, 
ſup. plying Water or Oil behind ſome the ſecond Glaſs. But if the ſecond 
„ fur part of the Glaſs inſtead of Air. Glaſs be taken away, the Light 
onger For fo in a convenient Obliquity of which goes out of the ſecond Sur- 
from the Rays ſuppoſe of 45 or 46 De- face of the firſt Glaſs into the Air 
„ 2) grees, at which they are all refled ed or Vacuum that is between the Glaſ- 
Now where the Air is adjacent to the ſes, will not go on forwards, but 
ord. Glaſs, they will be in great meaſure turns back into the firſt Glaſs, and 
that tranſmitted where the Water is ad. is reflected. From whence it is 
Sur. jacent to it; which argues, that their evident, that the Rays are drawn 
any Reflexion or Tranſmiſſion depends back by the Power of the firſt 
pen on the Conſtitution of the Air and Glaſs, there being nothing elſe to 
fleck Water, or Oil behind the Glaſs, and turn them back, p. 238, and 347. 
be. not on the ſtriking of the Rays up- And hence it is alſo manifeſt, as was 
on- on the Parts of the Glaſs, wiz. that before obſerved, that the Rays are 
ai. the Rays are not refleded till they not reflected by any ſubtil Matter or 
uld get to the further Surface of the Ether, becauſe that Matter ought 
tg Glaſs, and begin to go out of it: to reflect them not at all the leſs, 
be For if when they are going out of when the ſecond Glaſs is ſo placed as 
8, it, they fall upon Oil or Water, not quite to touch the firſt, than 
ed they go on, becauſe the Attraction when it is quite taken away. 
on of the Glaſs is almoſt ballanced and Lafily, If any one ſhould ask; 
eg rendred ineffectual, by the contrary becauſe we have aſcribed the Reflexi- 
of Attraction of the Liquor that ſticks on cf Rays to the Action of the 
e to it. But if the Rays, which go out whole Superſicies of Bodies, with- 
of the further Superficies, go into a out immediately touching them 3 
It Vacuum, which has no attractive how it comes to paſs, that all Rays 
e Force, or into Air which has very are not reflected by all Superficies ; 
r little, and therefore cannot ballance but while ſome ate reflected, others 
# the Attraction of the Glaſs, and ren- are refracted and enter in: This ex- 
k der it ine ffectua!; then the attraction cellent Perſon ſhows, that there are 
J of the Glaſs reflects them, by draw- certain Vibrations (or ſome ſuch 


ing and bringing them back. And 
this is (till more evident, by laying 
tozether two Priſms of Glaſs, or two 
Object-Glaſſes of very long Teleſ- 
copes, the one plain, the other a 
little convex, and ſo comprefling 
them, that they do not fully touch, 
nor are too far aſunder: For the Light 
waich falls upon the farther Surface 
ot the ficſt Glaſs, where the lnter - 
val between the Glaſſes is not above 
the Ten hundred thouſandth part of 
an Inch, will go through that Sur - 
face, and through the Air or Vacuum 


between the Glaſſes, and enter int0 
VO 5 


kind of Property) both in the Bo- 
dies themſelves, and in the Rays of 
Light, impreſſed upon the Rays, 
either by the Action of the Body 
which emits them, or by the Acti-- 
on of ſome other Bodies; whence 
it comes to paſs, that thoſe Rays, 
which are in that Part of their Vi- 
bration which conſpires with the Mo- 
tion of the Parts of the Body, enter 
into the Body, and are tranſmitted 
by Refraction; and thoſe whith are 
on the other Part cf their Vibra- 
tion, are re ſlected: See Newt, Opt. 
Þ* 255» 
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and therefore many of the Pores, of Air for inſtance, ma 

meet with the ſolid Parts of Water, Glaſs, or Chryſtah 
it is impoſſible, but that tranſparent Bodies muſt reflect 
ſome Part of the Light which falls upon their Surface ; and 
they muſt reflect ſo much the more, as the Rays fall 
more oblique, becauſe in that Poſition they meet with 
more of the ſolid Parts of the tranſparent Body upon which 


they fall. 
37. How the 


Rays of 
Lig bt are 


37. Let us now conſider, what will happen to Rays 
that paſs out of one tranſparent Medium into another, up- 


r-frated at On whoſe Surface they fall obliquely, We foreſee (1) that 
% paſs out they ought to be refracted agreeably to what was ſaid be- 


of one tranſ- 


Saves Me. fore concerning Refraction, becauſe theſe tranſparent Bo- 


dium into 
Another. 


dies being of a different Nature, the one may afford an 
eaſier Paſſage to the Light than the other, and ſo the Rays 


ought to be leſs inclined, or nearer to the Perpendicular 
on that Side which more eaſily admits them. 


38. The Har- 
der a tranſ- 
parent Body 
is, fo much 
the ea/ter 
Toll the 
Light paſs 
through it. 

(1) That they ought to be refrafled) 
The Rays are refracted, not by fal- 
ling upon the very Superficies of Bo- 
dies, but without immediate con- 
tat, but that very ſame Power by 
which they are emitted or reflected, 
exerting it ſelf differently in different 
Circumſtances; as my be demon. 
ſtrated by the ſame Arguments as 
were before made uſe of about Re- 
fl-&ion with-ut Contact: and alſo by 
the following ones. 

1. Becauſe: when Light goes out of 
Glaſs into Air, as obliquely as it can 
poſſibly do, iF its Inciderce be made 
ill more oblique, it becomes totally 
reflected. For the Poxer of the Glaſs, 
after it bas refrafted the Ligbt as 
cli u as 1s poſſible, if the Inci- 
dence te made ftill more obligue, be- 
comes to flreng to let any of its Rays 
go thraugb, and by conſequence cauſes 
total Reſiex19ns, 

2. Becauſe Light is alternately re- 
feed and tranſmitted by thin Plates 
of Glaſ « for many Su ian accord. 
ingly as the Thickneſs of the Plate 
zncreaſes in an aritbmetical Propreſ. 
fron. Fer bere th: Thickneſs of tbe 
Glaſs determines, whether that Power 


&g 5 CIS 
| 1 FF 


38. Nor are we to think, 
afford ſo much the eaſier Paſſage to Light, by how much 
the eaſier it yields to other groſſer Bodies which make 

ay for themſelves, by removing its Parts: Juſt the 
contrary: For as the Paſſages for Light are already made, 


that a tranſparent Body will 


by which Glaſs ads upon Light ſhall 
cauſe it to be reflected, or ſuſſer it to 
be tranſmuted. 

3. Becauſe the Surfaces of tran. 
parent Bodies which bade the greateſ 
refracting Power, reflect the greateſt 
quantity of Light, Newt. Opt, 
p. 244- | 

4 Becauſe, although the Forces of 
Bedies to reflect and refract Light, 
are very nearly proportional to the 

enfities of the ſame Bodies; yet 
unctuous and ſulphureous Bodies re- 
fract more than others of the ſame 

znfity. For the Rays act with 
gieater Force upon thoſe Bodies to 
ſet them on Fire, than they do upon 
others; and theſe Bodies act upon 
the Rays again with greater Force by 
mutual Attraction to refract them, 
Pp. 245, Oe. 

Lafily, Becauſe, not only the Rays 
which are tranſmitted through Glaſs 
are refl-Qed ; but alſo thoſe which 
are near the Extremities of it in 
Air or in a Vacuum, or even thoſe 
which are near the extreme Parts 
of any opske Bodies (as the Edges 
of Knives, Cc.) are bent by the At- 
traction of the Body, p. 293, Cc. 
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it can move ſo much the eaſier as the Parts of the Body 
through which it paſſes, are more difficult to be put out 
of their Places ; becauſe it is the leſs liable to loſe its Mo- 
tion in paſſing; in the ſame manner as a Bowl will run 
eaſier upon the firm hard Ground, than upon ſoft Ground, 
or upon the Graſs, And thus as Water is in ſome Senſe 
harder than Air, and Glaſs harder than Water, and 
Chryſtal harder than Glaſs, it follows, (1) that Light 
ought to paſs more eaſily through Water, Glaſs and 
Chryſtal, than through Air; and its Rays ought to be 
leſs inclined, or to approach nearer to the Perpendicular 
in theſe Bodies than in Air. 

39. This may be tried many Ways; I will ſhow you 39- 4% Ex- 
one that ſeems to me very evident. I cauſed a Braſs nee. 
Box ABCD to be made, with a Cover to it of the / Ligbe 
fame Metal. The Bottom BC was a Piece of Venice '" Pn: 
Chryſtal, under which I glued a piece of Paper, with A 
ſeveral Marks made upon it at Pleaſure. I expoſed this Box Tab. Iv. 
to the Rays of the Sun, that a Ray, ſuch as FE, might Fs. 5. 
paſs through the Cover at the Hole E, and looking un- 
derneath, I obſerved the Point G, which the Ray came 
to; then without altering the Situation of the Box, which 
was full of Air only, I filled it with Water, which TI 
poured in at the Hole M; then I obſerved, that the 
Ray did not come fo far as G, but only to L, fo 
that it was nearer the Perpendicular Hl, than it was be- 
fore, 

40. Now to find whether a Ray paſſing out of Water 40. An Ex. 
into Air be turned from the Perpendicular, we may make * 25 
uſe of a very common Experiment. We may put any ,, of Licks 
Body, a piece of Money ſuppoſe, at the Bottom of a poſſing our of 
hollow Veſſel, which contains nothing but Air; then we = aa 
may move our Eye B back, till the Edge of the Veſſel Tab. Iv. 
juſt hides the Object A; then let the Veſſel be filled Fig. 6. 
with Water: After which, the Object, without having 
changed its Place, will begin to appear by the Ray CB, 
which coming from A by C, will be bent, and removed 
from the Perpendicular ECF, whereas otherwiſe the Ray 
would have gone ſtreight on to D. 


(1) That Light ought to paſs more 
eafily) Mr. Le Clerc has committed a 
ſurprizing Miſtake here. Therefore, 
lays he, the greater the Reæfiſtance of 
tbe Body is upon which the Ray falls, 
% much the more dies it recede 
from the Perpendicular, and the leſs 
62 Reſiſtance, the leſs does it recede. 


Wherefore a Ray falling upon Ha- 
ter out of Air, goes further from the 
Perpendicular z on the contrary, 4 
Ray coming out of Water into Air ap- 
proaches nearer to the Perpendicular ; 
becauſe Air reſiſts it I:ſs than Water, 
Phyſ. Bock V. Chap. viii. Sect. 17, 
contrary to all Experience. 


1 41. Be- 
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41. Of the 41. Becauſe Refraction will be of great Tſe hereafter, 
Refra?17" it is worth while to explain the Nature of it fully, by 
* ſidering how it is made, when Light paſſes out of 
paſinz conſidering how it is made, w ght paſles 0! 
ehrugh a Air into Glaſſes of various ſorts of Figures. Suppoſe 
war = then, in the firſt Place (1) a triangular Priji m ABC, up- 
Fig. 7. on one Side of which, ſuppoſe AB the Ray DE falls 
obliquely. From what was ſaid before concerning the 
Rays paſſing out of Air into Glaſs, it follows, that it 
ought not to go on in a ſtreight Line to F, but to G, 
in order to approach nearer the Line HEI, which is 
ſuppoſed to be drawn through the Point E upon which 
the Ray falls, and to be perpendicular to the Surface 
AB. After which, the Ray EG paſting obliquely out 
of Glaſs into Air, ought not to go directly to L, but 
to M, becauſe it is turned from the Perpendicular 
NGO. 

2 Of the 42. Suppoſe now a Lens or a Glaſs convex on both 
Refraction ef Sides, ſuch as is repreſented by the Figure 283K, and 
Light pa. imagine a great many parallel Rays, ſuch as AB, CD, 
ny ns, EF, to fall upon its Surface; now in order to find out 
Glaſs, bow theſe Rays ought to be refracted, we muſt firſt 
7.» IV. draw through the Points B, D, F, Lines perpendicular 
Fiz. 8, to the Glaſs, that is, the Lincs ABK, HDI, LFM, 

tending towards the Point G, which I ſuppoſe to be the 
Center of the Superficies 2B3. This being done, we 
may conſider, that the Ray AB, being in the Perpendi- 
cular it ſelf, ought not to be at all refracted as it paſſes out 
of Air into Glaſs, but to go on directly towards K, where 
it jalls again perpendicular upon the Superficies of the 
Air2K 3 (becauſe it comes from the Point R, which 1s 
the Center of this Superficies) and therefore it will con- 
tinue to go {trait on ſtill towards G, without any Refra- 
Aion. But as to the other Rays, ſuch as CD, and EF, 
becauſe they do not fall perpendicularly, it is evident, 
that they will not go directly to O and N, but will ap- 
one nearer to the Perpendiculars HI, LM, and go to 
and P, and by this means they will tend towards th 
KR ABK; and becauſe, having drawn the Lines T G. 
SPM perpendicular through the Poin: P and Q, that is, 
the Lines which tend to the Point R, we find that the 
Rays DQ, FP fall obliquely on the Surface of the Air, 
we conclude, that Be will be refracted, and go from 
the Pe: pendicular. So that DO will not go direC ly to X 
but to 8, and FP alſo will not go direcfly to V, but to 


1 
þ) A Tia ar Prim See the Notes on Art, 65, below, 


the 


Chap. 27. 


of NATURAL PHILOSOPHY, 


the ſame Point G. The ſame may be demonſtrated of 
the Rays, that fall on the other Side of AB, which will 
be bent ſo, as to interſect the firſt (1) ſomewhere near 
the Point G; thus we fee, that it 75 the Property of a 
Convex-Glaſs, to collect together the Rays of Light which 


fall parallel upon it. 


215 


43. If whilſt the Glaſs remains in the ſame Situatior, 43, Of 'he 


parallel Rays fall upon it from ſome other Place, we ſhall 


Refraction 
of the Rays 


find that they will meet together in ſome other Point, and which come 


not in G ; thus if they come from the right Side of thoſe 
before drawn, they will meet on the left Side, viz. near 


Y; and on the contrary, if they come from the left 
Side, they will meet on the right Side ſomewhere near Z. 
44. Let us conſider in the Third Place, A Glaſs that 44. / the 


is thinner in the Middle than at the Edges, that is, 
Glaſs concave on both Sides, ſuch as is repreſented by 


from di fe- 


rent Places. 


2 Nefraction 
FLigbe 
paſſing 


GBHIMK, and ſuppoſe the parallel Rays, AB, CD, through 6 


EF, to fall upon it. 


Now in order to ſee how they 


Concaves 
CG laſs 


ought to be refracted, let us erect Perpendiculars at the Tab. Iv. 
Points B, D, F, where they enter the Glafs : This be- Fig. 9. 

ing done; ſince the Ray AB coincides with the Perpen- 
dicular, it will enter the Glaſs as far as M without any 
Refraction, where becauſe it falls perpendicularly upon the 
Superficies of the Air, it will no more be refracted at 
going out, than it was at entering into the Glaſs, and 
conſequently it will go directly to L. But becauſe the 
Ray CD falls obliquely upon the Surface of the Glaſs, it 
will not go directly to P, but will turn to Q becauſe it 
tends towards the Perpendicular NDO; and becauſe the 
Ray DQ falls obliquely upon the Surface of the Air alſo, 
it will not go directly to T, but will be refracted to- 
wards V, becauſe it goes from the Perpendicular RQS. 
So likewiſe if we examine the Ray EF, we ſhall find by 
the like Way of Reaſoning, that it will go to V, and 
from thence to Z. Whence we fee, that it is the Pro- 


periy of a Concave-Glaſs (2) to diſperſe the Rays which fall 


parallel upon it. | 


(1) Samegobere near the Paint C) 
For the Rays are not colle ed to- 
gether exactly into the 
ſame Place, and the Fo- 
cus is not in a Point, but 
in a ſmall Line, that is, 
in part of the Line KG, ſo that ſome 
of the Rays meet with each other 
nearer the Point K than others of 
them. Thus for Inſtanre, if the 
Glals be equally g'bbous on both 
vides, that Line will be 4 of the 


Tab. IV. 
Fig. 8. 


P 4 


whole Thickneſs BK. Sce Hugen's 
Diept . Prop. 27. p. 94. and Bar- 
reto, Sect. V. | 

(2) To diſperſe the Rays) In ſuch 
a manner that they may ſeem to 
come from a {mill Line, 
or ſuch Part of the Line 
AB as the foremention- 
ed ſmall Line was, into 
which they were gathered in paſſt-g 
through a Convex- Glaſs, 


Tab. IV. 
Fig. 9 


45. Let 
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8 the 45. Let us conſider in the Fourth Place, a Glaſs cut 
WE I$ Yee 


Faded in With ſeveral Surfaces on the one Side, but plain on the 
Paſirg thrs* other, ſuch as is repreſented by the Figure ABCDETS, 


op lawn] and ſuppoſe the Rays FG, HI to fall parallel upon it : 


many Super. Draw Perpendiculars in the Points G and I ; then be- 


| Leun: cauſe, from what was before ſaid, theſe Rays ought to go 
124 — 55 owards the Perpendiculars, we are ſure that they will 
WO bend towards K and Q; and becauſe they again fall ob- 
124 liquely upon the Surface of the Air ST, we conclude that 
N they will be refracted a ſecond Time; ſo that GK will 
9 tend toward L, and IQ towards M ; and becauſe all the 
"2 parallel Rays chat fall upon the ſame plain Superficies, are 
1a equally inclined to it, they will be equally refracted, and 
"120 conſequently will be parallel when they come out, ſo that 
Si thoſe which fall upon the Superficies BC will go along 
18 with the Ray KL, and thoſe which fall upon AB, 
Wh | CD, DE, will go along with the Rays QM, PN, 
_ and RO. 

i , 46. So that if the Surface TS were covered with an 
= 1 8 Topake Body which receives all the Rays of Light that fall 
1 Stones cin upon the Sun perficies AB, BC, CD, DE; it is evident, that 


1 fis. 


none of them will come upon the Parts SQ and RT, and 
conſequently they will look darker; whereas the Part QR 


1 receiving all the Light which falls upon every one of the 
We Surfaces ought to appear very bright; and herein con- 
"= ſiſts the Luſtre of a Diamond and other precious Stones 
- which are any way tranſparent. For they will not ſhine, 
_ unleſs they be cut with a great many Superficies in 
_ fuch a Manner as to turn the Rays of Light towards 
= one Place at the Bottom, where 1s a {mall Plate of 
ny Gold or Silver to receive the Light, and reflect it back 
_ to our Eyes. 
"— 47. Of the 47- Laſtly, Let vs ſuppoſe a plain Glaſs of equal Thick- 
_ R 125 e eh very where, ſuch as ABCD, upon which the parallel 
* d eb Rays, EF, GH, IL, if they fall obliquely, fall with equal 
= « lain. Obi quity, ſo that they are equally refracted, by approach- 
"= (Glaſs. ing every one of them towards the Perpendicular, and 
a 6 therefore go to M, O, and Q, being till parallel, and 
conſequently equally inclined to the Surface BC; whence 
""_ it follows, that in paſſing into Air, they recede equally 
_ | from their Perpendiculars, and fo continue always paral- 
> lel. But we muſt obſerve here, that the Rays EF, GH, 
3 L, which incline towards the Ri ght, when they firſt en- 


ter into the Glaſs, are inclined as much towards the Left, 
hen they come out of it: So that we may ſay, the Glaſs 


Rey . n 
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(1) undoes that by the ſecond Refraction, which it did 
by the firſt (2). 

48. Since Light not only ſhines, but heats alſo, we 48. That alt 
may here add; that though we cannot perceive any Z, , 
Inequality in the Action of luminous Bodies, but that capable of 
they ſeem to impell uniformly the ſecond Element which d 
ſurrounds them, towards thoſe Bodies which terminate * 
their Action; yet Reaſon ſhows us, that they act more 
ſtrongly at ſometimes than at others; not only becauſe 
their Parts are not all equal, nor are they always the ſame 
which are applied to the ſame ſurrounding Matter to im- 
pell it; but alſo becauſe this Action is at firſt com mu- 
nicated to a tranſparent and liquid Medium, the Parts of 
which continually move out of their Places. And this 
cauſes the ſmall Globules of the ſecond Element to im- 
preſs a kind of Trembling upon the Parts of the Bodies 
to which they are impelled by the luminous Bodies ; and 
becauſe Heat conſiſts in ſuch a kind of Agitation, it 
follows, that all luminous Bodies ought to produce ſome 
Heat. 

49. However, it may happen that this Heat may not 2 
be at all perceivable, either becauſe of the Weakneſs of frelebe Hear 
the luminous Body, or becauſe the Organ upon which it of ſome lumi- 
acts is hotter than it. Thus if coming from a Fire we . Bodies. 
expoſe our ſelves in a cold Night to the Rays of the 
Moon, we, ſhall find it very cold, becauſe in ſuch Cir- 
cumſtances, we give more Heat to the Air which ſur- 
rounds us, than that does to us. 

50. And as the Sun is very bright, ſo it ought to raiſe $0. 7h 
the moſt ſenſible Heat in us; and ſo we find by Ex- ſ«rprizing 
perience every Day that it does ; nay, to that Degree, wg: 4 
that when its Rays are collected by a concave-Glaſs, they Hear. 
will not only ſet combuſtible Bodies on which they tall, 
on Fire, but will melt Metals, Stones, and Flints, 
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(1) Ungoes that by the ſecond Re- 
fraction) We muſt have a Care of 
thinking, that the ſecond 
Tab. V. Refract on fo undoes the 
Fig. 2, firſt, that the Object is 
ſeen in its true Place; for 
the Ray BQextended back wards will 
not coincide with the Ray Ll, but 
tall to the right Hand of it, and that 
ſo much the more, the thicker the 
Glaſs is. But as to Colours the ſe- 
cond Refraction does indeed undo the 
ticſt, See the Notes on Art, 65. 


(2) That double and irregular 
Refraction of Iſland Chryſtal, where- 
by not only the oblique Rays are 
ſeparated into two Parts on the 
ſame Superficies by a double Re- 
fraction; but alſo thoſe that fall per- 
pendicularly are half of them re- 
tracted likewiſe, is very different 
from all thoſe hitherto explained: 
The Explication of this you may ſee 
in Newt, Opt. p. 331. 


which 
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which are very difficult to melt with Fire; as I my 
ſelf have ſeen. 


al $1, That 51. Having ſufficiently explained the Nature of Light, 
ol - ny and the common Properties of it ; the firſt Thing that 
El the immedi- we obſerve concerning Colours, is, that they are not per- 
| ate Cauſe of ceived by the immediate Application of the coloured Ob- 
1 29928 ject to the Organ of Senſation: From whence it follows, 
18 that it does not of it ſelf excite in us that Senſation of 
| Colour which we have upon looking on it; for we cer- 
= tainly know, that one Body cannot act upon another 
"1:30 without immediate Contact ; but whatever there may 


oY 


be in the coloured Object, in which its Colour conſiſts, 


I 

. we muſt think, that it acts thereby upon ſome Medium 

Wes! which it finds, and by that Means acts afterwards upon 

12 our Organ of Senfation. | 

* 52. Tait: 52. If the coloured Object only had been conſidered, 

Wn 25 the die. which generally is at reſt, when it affects the Senſes, I 

Er ent doubt the manner of its acting UPON the Medium would 
= Rays cf never have been diſcovered, and conſequently we ſhould 
Light that never have known diſtinctly what Colour conſiſts in. But 
8 8 if we obſerve, that ſuch Bodies are not to be perceived 


_ Serſationef in the Dark; and that in order for them to appear co- 
1 Cologrs in loured, it is neceſſary for them to have ſome Light, the 


75 ws Nature of which is to be reflected, when it meets with 
WE a Body which it cannot penetrate ; it is eaſy to conclude, 
"2 that it is the Light which acts upon our Organ of Sen- 
18 0 . 
* ſation to make us perceive any Colour, and that the 
* whole Action of the coloured Body conſiſts in giving it 
5 (2) ſome Modification which it had not before. 
3 5 3. This 
FI (1) Some Modification which it are the eaſieſt of all, and the moſt 
AY bad not before) In order to explain turned out of a freight Line towards 
T2 the Nature of Colours we muſt ob- L, by the Action of the refraciing 
* ſerve, 589 Superficięes; and the reſt of them, 
Uh 1//, That it is found by Experi- according as they exceed each other 
ence, that the Rays of Light are in Bigneſs, are more difficultly, and 
A compounded of Particles different leſs turned out of a right Line, to 
. from one another: that is, which the Points betwixt G and L. 
0 are (es is highly probable) ſome lar- 34!y, Thoſe Particles of Light 
ger and ſome ſmaller. which are moſt refraded, make 2 
2d!y, That a Ray, ſuch as FE, ſmall Ray of a Violet Colour; that 
falling upon 9 reſracting Superficies is, (as is very likely) the ſmalleſt 
f | in a dark Room, is not Particles of Light, ſeparated from 
_ Tab. IV. re ſracted whole to L, but the reſt in this manner, excite the 
* ; Fig. 5. as it were ſplit into a ſhorteſt Vibraticns, in the Tunica Re- 
A great many imaller Rays, tina, to be propigated from thence 
bo 8 if ſome of which are re fracted 10 L, a ong the folid Fibres of the optick 
x; 2 others of them to ſome other Points Nerves into the Brain, here to ex- 
| betwixt L and G: That is, (as is cite the Sentation of Violet Colour, 
VAAN probable lizewiſe} thoſe Par- the darkeſt and the fainteſt of all 
. i ticles of Licht which are tmalleſt, Colours, And thoſe Particles which 
1 are 
r 
1-1 
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53. This being ſuppoſed, there cannot be an eaſier 53. Thar 
Way to come at the certain Knowledge of the Nature . — 4 
of Colours. For ſince Light is nothing elſe but a parti- Ad 
cular Motion of the ſmall Globules of the ſecond Ele- of a Body 
ment, or at leaſt a Diſpoſition to a particular Sort of Mo- my 

. . . . . m ify the 
tion; nothing more is requiſite for the underſtanding of Ai « 
Colours, but only to examine the different Modificati- Light 
ons which this Motion 1s capable of, and to find out what 

there is in the Bodies which we call coloured, to cauſe 

theſe Modifications. Now the firſt Thing which offers it 

ſelf, and which is the moſt ſimple Modification, is this, 

viz, T hat this Motion cannot but be weak, if all the 


Rays 


are refracted leaſt, they make a ſmall 


(and this is the Reaſon why they 
Ray of a red Colour; that is, the 


cannot be made perfect, w1z. becauſe 


biggeſt Particles of Light, excite the 
longeſt Vibrations in the Tunica Re- 
tina, in order to raiſe the Senſation 
of a red Colour, the brighteſt of all 
Colours; and the other Particles are 
alſo every one ſeparated into ſmall 
Rays, according to their Bigneſs and 


of the Separation of the coloured 
Rays. See the Notes on Chap. xxxiii. 
Art. 28.) 

6thly, As the Rays of different 
Colours are ſeparated by the Refrac - 
tions cf Priſms, and other thick 
Bodies, ſo are they likewiſe ſepa- 


Refrangibility, in order to excite 
intermediate Vibrations, which raiſe 
the Senſations of intermediate Co- 
ours. Much in the ſame manner, 
as the Vibrations of Air, according 
to their different Bigneſſes, cauſe 
Senſations of different Sounds. 
athly, The Colours therefore of 
- | thote ſmall Rays, fince they ate not 
. | accidental Modifications of them, 
but connate, original, and neceſſary 
Properties of them, conſiſting (as is 


rated in another manner, in very 
thin Plates of any tranſparent Mat- 
ter. For all Plates, which are thin- 
ner than a certain determinate 
Thickneſs, tranſmit the Rays of all 
Colours, and reflect none; but as 
their Thickneſs increaſes in an A- 
rithmet'cal Progreſſion, they begin 
to reflect, firſt, Rays that are intirely 
Blue : then Green, Yellow, Red, 
in order; and again, Blue, Green, 
Yellow, Red; but more and more 


g | highly probable) in the different faint and mixed, till at laſt, when 

| Magnitudes of them, are permanent they come to a certain Thickneſs, 
4 and unchangeable; that is, ſuch as they reflect the Rays of all Colcurs 
5 cannot be altered by any future throughly mixed together, juſt as 
; Refraction, Reflexion, or any other they fell upon them, and theſe make 
| Modification. White. And in that Part of the thin 
- 5thly, As the Rays of different Plate where it reflects any Colour, 
4 | Colours begin in this manner to be for Inſtance, Blue, it always tranſ- 
a ſeparated by the ſingle Refraction of mits the contrary Colour, viz Red, 
| | ene Superficies ; ſo that Separation is or Yellow: For the truth of all 
" much more compleated ( ſo as ve- which Phznomena, found cnt by 
% | ry eaſily to be perceived by our numberleſs Experimeats, and for 
at Senſes) by that double Retraction the Calculation of what Thickneſs 
Rt (the Firſt being increaſed by the the Plate ought to be, to reflect 
7 | Second) which is made in the two particular Colours, and for the Rea- 
Wn Sides of a Triangular Glaſs Priſm, ſons why Plates of particular Thick - 


(the Phenomena of which ate fully 
explained in the NNetes on Art. 65. 
" below) and in the double Refraftion 
made in the Superficies of Glaſſes 
of other Figures, according as their 
all Superficics are further from being 
: parallel to each other, ſuch as the 


* Odject G aſſes of Teleſcopes, Oc. 


neſs reflect particular Colours in this 
Manner, ſ:e the eminent Sir Iſaac 
Newton moſt clearly diſcourſing in 

his Opt. Boat Il. 
7thly, All natural Bodies are mode 
vp of very thin tranſparent ſmall 
Plates; which, if they be fo mon 
orly 
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the Nature 
of White- 


neſs con gs 
28. 
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Rays of Light which fall upon an Object in a certain 
Order, and in a certain Quantity, be not reflected back 
in the ſame Order, nor in the ſame Quantity towards one 
determinate Place of the Medium where the Eye is fixed: 
And we are ſure, that this muſt neceſſarily happen, if the 
very ſmall Particles of the illuminated Body are ſo diſpo- 
ſed, as to make a rough and uneven Superficies; for then 
the Rays which come as it were parallel from the lumi- 
nous Body, fall upon ſuch a Superficies with all ſorts of 
Obliquities, and therefore are ſcattered and reflected all 
Ways; ; and this is the Reaſon why the Eye does not re- 
ceive the Light with its full Force; but only a certain 
ſmall Number of Rays are determined by this Super- 
ficies to come to the Place where the Eye is fixed; and 
hence we may conclude, that there is ſome particular Co- 
lour which conſiſts only i in the Roughneſs of the Surface of 
the coloured Body, and which gives no other Modification ta 
the Light, but only this, that it reflects it all ways indiffe- 


rently in the ſame manner as it received it. 

54. Now as this is the leaſt Modification of Light that 
can be ; ſo the Body which cauſes it ought to reſemble 
the luminous Body as much as poſſible, that is, it ought 
to excite in us the Senſation of //h:teneſs, which comes 
the neareſt to Light of any Colour. And this is confirm- 
ed by Experience; for the white Colour of Z/?amps Sand 
is found to conſiſt in this, that every Grain does thus re- 
flet any Ray of Light all Ways. For when we look up- 
on any of the Grains with a Microſcope, they have no 
Colour at all, but are tranſparent, like ſmall Pieces of 


Chryſtal of all Shapes, or like little Diamonds which at- 


larly diſpoſed, with regard to each 
other, that there is no Reflexions 
or RefraQions in their Interſtices, 
then they conſtitute a tranſparent 
Body. But if their Interſtices be ſo 
large, and filled with ſuch Matter, 
or ſo empty (proportionably to the 
Denſi y of the Parts themſelves) that 
there are ſeveral Reflex ons and Re- 
fractiens made within the Body, 
then that Bcdy is Opake. (See Art. 5. 
eb:wve) Further, thoſe op1ke Bodies 
which are made up of the thinneſt 
ſmall Plates of all, are Black ; and 
thoſe that are made up of the thick- 
eſt ſmall Plates, or of ſuch as are 
of very different Thickneſſes, and 
are therefore fitted to reflect al! Co- 
leurs, ſuch as the Froth of Water, 


theſe are White; and thoſe which 
are made up of ſmall Plates, the 
moſt of which are of ſome interme- 
diate Thickne's, are therefore Blue, 
Green, Yellow, or Red, viz. by re- 
flecting not all the Rays of that 
Colour, but more of thoſe than of any 
other Colcurs; the greateſt Part of 
which other, they either ſuffocate, 
and by intercepting them, extinguiſh 
them quite, or elſe they tranſmit 
them; whence it is, that ſome Li- 
quors (for Inſtance, an Infuſion of 
Lignum Nephriticum) appears Red 
or Yeliow by a reflected Light; and 
Blue by a rranſmitted Light ; and 
Leaf- Gold appears Yellow when 
looked upon, but Green or Blue when 
locked through, 


ford 
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; ford ſuch a Paſſage to the Light, that they reflect it all 


Ways in the ſame manner as they received it. 

5. We may further conjecture, nay, we may be aſ- $5. That 
ſured, that the Eſſence of Whiteneſs conſiſts in nothing elſe Fe am gg 
but the Roughneſs of the white Body, if we conſider, that cauſe hite- 
we cannot make ſome Bodies rough, but they will alſo . 
become white at the ſame Time, nor take away their 
Roughneſs, but we muſt likewiſe take away their ¶ hite- 
nfs, Thus Goldſmiths make Silver white, by putting it 
firſt into the Fire, to take off all the Droſs and Dirt 
which ſoils it ; and then dipping it in boyling Water, 
into which they caſt a certain Quantity of Tartar and 
common Salt (which are corroſive Bodies, and proper to 
make the Superficies of Silver rough and uneven.) And 
to take off the //hiteneſs, they do nothing more but 
rub the Silver with what they call a Blood-ſtone, which 
is very hard and ſmooth ; which by preſſing upon the 
Part it is applied to, muſt neceſſarily depreſs the Parts 
which ſtick up, and raiſe the Parts which fink in, 
that is, take off the Roughnels, 

56. As we take it for granted, that a white Body does 56. Wy a 
not abſorb any of the Rays, but that its Superficies re- 2 * 
flets them all Ways indifferently, it follows, that we — * 
4 cannot place the Eye any where, but that it will receive ed every 
| pretty near the ſame Number of Rays as if it were placed Ways 
any where elſe ; and conſequently the Body ought to ap- 

. pear white from what Side ſoever it is viewed. But the 
Caſe of plain poliſhed Bodies, ſuch as Looking-Glaſſes, 


1 oF" 
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7 is different; for when they receive the parallel Rays of 
* Light from one Side only, they can reflect them to 
the other Side only, where they may dazzle the Eye, 
o but they will not reflect Rays to any other Part. 
= 57, As Black is contrary to White, there is no doubt 57. Of the 
ves but that the Eſſence of Blackneſs conſiſts in the contrary — 
to that of ¶piteneſs. W heretore, as it is neceſſary, in * 
ny order for a Body to look V hite, that it ſhould reflect the 
of Light which falls upon it towards all Parts in the fame 
» manner as it receives it, fo that there can be no Place, 
nit but that a ſufficient Quantity of Rays muſt affect our 
Li- W Eye: So likewiſe ought we to think, that in order to per- 
Yr ceive Blackneſs, there muſt come no Rays at all to the 
br Eye; and conſequently the Bodies which we call Black, 
mu | and which appear fo to our Senſes, abſorb all the Rays in 
= ſuch a manner, that they reflect none of them to make 
any Impreſſion upon the Eye: And becauſe a Body can- 
4 et deſtroy the Motion of another Body, but by gaining 
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it itſelf, it is eaſy to conceive, that the Parts of Black 
Bodies are very fine and broken, ſo as to be edſily ſhaken, 
58. Wby « 58. And this is confirmed from hence. Firſt, That 


%%, Darkneſs, that is, thoſe Places where Bodies having no 


Bodier that : ha. b& 
are wo Light falling upon them, can reflect no Rays to the 


Black, de yet Eyes, (1) appears Black. Secondly, Shadows, or thoſe 
. Places, which, by reaſon of the Interpoſition of ſome 
opake Body, do not receive the Rays of Light from the 
luminous Body, or receive but a few of them, appear 
Black. Laſtly, A tuell poliſbed Body, which does re- 
ceive a great many Rays of Light, but reflects them to 
the Side oppoſite to us, appears Black. 
80. Why 59. Theſe Things being allowed, it will not ſeem 
+ er ſtrange, that Flame which is ſo bright, ſhould convert 
« Cal. White Wood into a Black Coal. For it is manifeſt, 
turn Black, that the Wood has loſt a great many of its Particles, 
which ſerved to nouriſh the Flame; wherefore the greateſt 
Part of the remaining ones are ſo (2) diſunited, and eaſily 
ſhaken, that they abſorb almoſt all the Light that fall; 
upon them. 
60. That al! 60. I ſay, the greateſt Part only are diſunited and eaſy 
the * to be put in Motion, and not all of them; for it may 
3 happen, that the fineſt Particles which are on the Out- 
ide of the Coal, may be like Down to cover the more 
ſolid Parts, and ſuch as are capable of reflecting a ſuffi- 
cient Quantity of Rays of Light: And thus we ſee, that 
after the Fire has carried off all that it can conſume of the 
Coal; there yet remains a great many Parts which com- 
pole the Cinder, which are pretty ſolid, for they appear 
of a whitiſh Colour, 
OT 61, Becaute the Particles of Black Bodies are more dif- 
Abus, Black united than thoſe of White Bodies, it follows, that they 
Bedier cugh contain leſs of their own proper Matter in the fame Bulk 
to ee than theſe other. And becauſe the more a Body has of 


4 than : 4 
Hite, heavy Matter, the heavier ought it to weigh, therefore 


67. That, 


(1) Appears Black) This is taken are applied, of a Black Colour, be- 
ovt of A ſiatie's firſt Book of Colours. cage ine very ſmali Particles cf the 
Chap i. There are Three V,. ys that Coal, the Number ef which is veiy 
Black oppiars to ut. Where wwe can - great, ealily C ver over the groſier 
not fee ar all, it 14 naturally Black, Particles cf other Bodies. But this 
Or where there is n9 Light rau Ot () 0'0nN, Cmcern ng the Nature 7 
tO Our Ey. 5 Or where the reft ed blackneſs, in general is very much 
Light is very rare and ſjmail; and confirmed from hence, via. that 
thus Shadwws afpeir Back Black Bodies are ſooner heated; and 
(2) Dijunited aid eafily ſpaken). if wetted, grow ſooner dry than 
And they very iy and tirongly White, as is confirmed by very cet- 
make other Eolics, co which they tain Experimentss See Art, 02+ 


We 
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; we ought to conclude, that cæteris paribus of two equal 
Bodies, the one Black, and the other bite, the latter 
ought to weigh more than the other; Wherefore the Mood 
ought to weigh more than the Coal; and a piece of White 
Marble more than a Piece of Black, of the ſame Bignels. 

62. Having thus explained the Nature of hüte and 62. Why the 
Black, we ſhall eaſily underſtand the Reaſon why the Rays 55 25 — 
of the Sun collected by a Convex-Glaſs, will not burn — 
at all, or burn with greater Difficulty J/h:te Bodies; but Glaſs, burn 
will cafily kindle black Bodies, though they be both com- jog rig 
buſtible. For it is evident, that the I bite Body which :.y 4 
reflects all the Rays that fall upon it, is not ſhaked by White 
them, and that the Black Body which abſorbs and 
choaks all the Rays, therefore abſorbs them becauſe it 
receives all their Mocion ; by which Means it begins to 
grow hot, and at laſt takes Fire 

63. nn we fee the Reaſon of a Fact which we 63- Wy 
ſhould not know but by Experience ; which is, that 5 
Hhite Bodies weary the Sigh: „ and Black ones refreſh it. the Sigbe, 
For we cannot look upon 7//hite, but we muſt receive the 24 Black 


"I WW WW -y WW 


ſy Impreſſion of a great Quantity of Rays, which fatigues „ 3 

yy the Sight, whereas we ſee Black when no Rays come to 

t- us, which refrethes it. 

re 64. From all which it follows, that thoſe Bodies are 64. War 

:. WH the white which reflect all Ways, and with the ſame 5 - 
at Force, all the Light which falls upon them; and on the Sete; ol 
he contrary , that thoſe Bodies are the blackeſt, r abſorb dies of all. 

n- W the Light the moſt that can be. Such we have reaſon to 


ar believe black Velvet to be, becauſe the ſmall Threads of 
Silk of which it is made, are like Briſtles, and fo placed 


if. WW to be as rough as poſhble ; wherefore it is the blackeſt 

ey Thing in the World. 

Ik 65. As to the Modifications of the Rays of Light, 65. of the 

of WW which excite in us the Senſation of other Colours; as Nature of 

JC Red, Yellow, and Blue, we ought to think that they con- age 
ſiſt in this, viz. that the ſmall Globules of the ſecond E- 

ke. lement, which compote the Rays that are reflected from 

the 'l ſuch Bodies, have not ſo much Force or ſo great a Diſ- 

— nofition to go on in a ſtreight Line, as the Globules of the 

this Rays which are reflected from white Bodies, and therefore 

p inſtead thereof, they are tome way turned about their own 

on C and fo part of the Force which they had be- 

that chters; an part F 

and fore to go on in a ſtreight Line, is ſpe: it upon this 

han Motion, Which may be juſtified from hen ce, that we 

CEL *® 

5 cannot conceive what other Alteration than * can hap- 
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RO HAUL T's SYSTEM 
pen to the Rays of Light, in paſſing through (1) a tri- 


angular Glaſs Priſm; and 


Part J. 


yet we ſee, that by going 


through this Priſm, they are capable of exciting in us the 
Senſation of Red, Yellow, and Blue. 


(1) 4 triangular Glaſs Priſm) 
Becauſe the Experiments of a trian- 
gular Priſm, are as it were the 
Touch-ſtone by which every Hypo- 
theſis, andevery Theory, concerning 
the Nature and Properties of Co- 
lours, is to be examined and tried; 
I ſhall not think it too much trouble 
briefly to enumerate here the prin- 
cipal Phænomena as they are ex- 
plained by the famcus Sir TJazc 
Newton all along in his Opticks. I. 
Then, the Rays of Light tranſmit- 
ted through a Piiſm, paint an Image 
upon the oppoſite Wall, diſtinguiſhed 
into various Colours, the Chief of 
which are, Red, Yellow, Green, 
Blue, and Viclet. 2. This Image 
is not round, but when the Angle of 
the Priſm is about 60 or 65 Degrees, 
five times as long as It is broad, 
3 Thoſe Rays which make a Yel- 
low Colour, deviate more from a 
ftreight Line, than thoſe which 
make a Red ; and thoſe which make 
a green Colour, deviate more than 
thoſe that mike a Yellow, Dc. and 
thoſe which make a violet Colour, 
deviate moſt of all. 4 Ir the 
Priſm, through which the Rays are 
tranſmitted, be ſo turned about its 
Axis, that tke Red, Yellow, Green, 
Se Rays fall in order through a 
ſmall Hole upon another Priſm, a- 
bout twelve Foot diſtance, and be 
turned another Way ; the Yellow, 
&c.-Rays, though they fall with 
the ſame Incidence upon the ſecond 
Priim as the Red do, yet they will 
not be turned upon the tame Place 
asthe Red, but will be carried fur- 
ther towards that Part, to which 
the Refra gion is made. Further, if 
in the Place of the ſ-cond Priſm 
they be received ty a Glaſs that is a 
Jitrie gibbcus, the Yellow, Green, 
Sc. Rays, every one in their Or- 
der, will meet in a Focus ſooner 
than the Red. 5. The Colours of 
the coloured Rays, well ſeparated, 
(the manner of doing which, you 
may ſee in New. Oft. p. 54, &c.) 
cannot be deſtroyed, nor ary Way 
altered by repeated Refract ons. 6. 
The Celeurs of colourzd Rays cau- 
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66. But 


not be at all altered, by paſting 
through a Place that is Light, nor 
by croſſing each other; nor by the 


Confines of a Shadow ; nor by re- 


flecting them from any "natural Bo- 
dies in a Place dark every where 
elſe. 7. All the coloured Rays to- 
gether, collected either by ſeveral 
Priims, or by a Convex or Concave» 
Glaſs, make White, but when ſe⸗ 
parated, after crefſing each other, 
they all exhibit their own Colour. 
8. It the Rays of the Sun, fall up- 
on the inward Superficies of the 
Priſm, with the greateſt Obliquity 
that any of the Rays can be tranſ- 
mitted at, thoie that are reflected 
will be Violet, and thoſe which are 
trani{mit'ed will be Red. 9. If there 
be two Priſme, the one filled with a 
Red L:quor, and the other with a 
Blue; the two Priſms clapped toge- 
ther will be opake, though if they 
be both filled with a red or blue Li- 
quor, they will be tranſparent when 
clapped together. 10. All natural 
Booies, but eſpecially White, when 
looked at through a Priſm, appear 
to be bordered on one Side with a red 
and yellow Colour, and on the other 
Side with a Violet and Blue, 11, If 
two Priſms be fo placed, that the 
Red of the one, and the Purple of 
the other, be mixed on a proper 
Piece of Paper, ſurrounded with 
Darkneſs, there will be a pale I- 
mage; which if it be looked upon 
through a third Priſm at a due Diſ- 
tince, will appear double, Red and 
Purple. 12. So likewiſe, if two 
Sorts of Powder, the one perfettly 
Red, and the other perfectiy Blue, 
be mixed together, and any ſmall 
Body be dawbed thick with that 
Mixture, it will appear to the Eye 
through a Pritm. to have two Ima- 
tes, a ted and a blue One. . 
Theſe are the moſt general Phæno- 
mena «t the Priim ; (to reckon up 
all the Particulars which are worth 
ovlerving, would be endleſs) from 
vhich it appears at fi ſt Sight, that 
the Colours cannit confilt in the 
turninz round of the Globules only, 
according to Cartes, nor in the Ob- 
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— 66. But for the clearer underſtanding hereof ; let the 65. Of be 
g Side BC of the Priſm ABC be covered all over with — f of 
e ſome opake Body, except the Place DE, where there Ligke 705 
zs to be a Hole in the opake Body for ſome of the Rays /"z 'brough 
t FI, GL, coming from the Sun FG to paſs through; 7042. 
which, Tab. V. 


18 | Fi 6 
* liquity of the Pulſes of the ztherial , the Priſm through which the Rays an 
* Matter, as Mr. Hock thought, Mi- are tranſmitted, be ſo turned about 
** crog. Obſer. , nor in the Light being #ts Axii, that the Red, Tell, Green, 
* thick and rare, or ſlower moved; as &c. Rays, fall in order thro” a ſmall 
os the famous Barrow conjeftures, Hole upon ancther Priſm about tewelve 
* Lect. 12, towards the End. But Foot diftance, and be turned anot ber 
J theſe and all other Phænomena of Way ; the Yellow, &c. Ray:, the" 
be Colours, are very eaſily and clearly thry fall with the ſame Incidence up- 
a explained, by the true Theory of that en rhe ſecond Priſm as the Red do, 
Ty incomparable Perſon fo often cited. yer they will net be turned upon the 
Ts For Firſt. The Rays of Light ſame Place as the Red, but will be 
d- tranſmitted thro" a Priſm, paint an carried furtber towards that Part, 
he Image upon the \ppoſite Wall, diftin- to which the Refraftion is made. Fur- 
ty guiſbed into various Colours : Becuuſe ther, if in the Place of the ſecond 
f the coloured Rays are ſeparated by Priſm, they be received by a Glaſs 
ed Retraction. Thus the blue Rays, for that is a little gibbous, the Yellow, 
le Inſtance, marked Green, &c. Rays, every one in their 
re Tab. XXII. with the prick'd order, will meet in a Focus ſooner than 
2 Fig. 1. Fig. 2, Line, which begin to te Red : Becauſe the Yellow Rays 
4 be ſepirated in the are more reftacted than the Red, 
3 Side ca of the Priſm abe (and alſo and the Green than the Yellow, 
* in the firſt Superficies of tte Globe and the Blue and Violet moſt of all. 
1 of Water abc) from the reſt by the Fifthly and Sixthly. The Colour 
n firſt Re fraction in dd; are ſeparated of the coloured Rays well ſeparated, 
al ſtill more in bc the other Side of the cannet be deſtreyed, nor any way 
en Priſm (and alſo in coming out of altered, by repeated Refrations, nor 
ar the Globe abc) by a ſecond Refrac- by paſſing through a light Place, nor 
d tion towards the ſame part Gy cr. ing each other, nor by the 
er Fig. 4. in ee - But, on the con- Confines 25 a Shadow, nor by re- 
If Fig. 3- traiy, in the plane Glaſs feng them from any natural Bodies 
he abef (and alſo in the Priſm in a Place dark every where elſe : 
of gb placed in another Situation, the Becauſe their Colours are not Modi- 
er blue Rays, which begin to be ſepa» fications ariſing from Retracion , 
th rated f. om the reſt in the firſt Su- but immutable Properties belonging 
[- perficies in dd, go out parallel in do their Nature. 
on the other Superficies, the Refraction Seventhiy. All the colhured Rays 
(+ being made the contrary Way, that Z#ogetber, collected either by ſeveral 
d is, they are mixed again with the Prym, or by a convex er concave 
'0 Colours of the other Rays. Glaſs, make White ; but when ſepa · 
ly Secondly. This Image is not round, rated after creſſing each other, they 
I but about i ve times as long as it ts all exbibit thetr oxwn Cour: For as 
11 broad ; Becauſe ſome Rays are more the Ray, before it was div. ded into 
at refracted than others, and therefore ſeveral Parts by Refraftion, was 
e they repreſent a great many Images White; ſo by thoſe Parts being 
* of the Sun like one Image drawn mixed together again, it becomes 
into a great Length. White again; and the coloured Rays, 
5 Thirdly and Fourthly. Th:ſe Rays when they unite , do not deitroy 
'p which make a yellow Colour, deviate one another, but are only mixed 
h more f om a flreight Line, than thiſe together. And hence it is, that Red, 
m which make a Ned, and thoſe which Yellow, Green, Blue, and Violet 
at make a green Colour, deviate more Powders mixed cogether in a certain 
\C than th:ſe that make 4 Yellow, &, Proportion, are ſomewhat whitiſh ; 
7 and th:j: which make a violet Colour, that is, are of ſuch a Colour as art- 
J- deviate muſt of all: And further, ſes from a Mixture of White ani 
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Q Black, 
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i which, according to what was ſaid before, will be refract- think 
2p ed in ſuch a manner, that the Ray FI will tend towards I ward. 
by M, and from thence to N, and GL will go to O, and about 
: from thence to P. Whence it is to be obſerved, that it Wi 
5 FI, GL are therefore turned out of the Way in this I. 
bY manner, becauſe the ſmall Globules at their entering into dergo 

the Glaſs, find an eaſier Paſſage this Way, that is, towards Reaſc 
| the right Hand, than towards the Left, Thus for in- ner; 
0 ſtance; Let STV be one of theſe Globules, we muſt Glob 
modi 


Black, and would be entirely White, Eleventhly and Twelfthly, I twy 
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if ſome of the Rays were not ab. 
ſorbed : 80 likewiſe if a round piece 
of Paper be painted with all thoſe 
Colours diſtin& from each other, and 
in a certain Proportion, and then 
turned very quick round upon its 
Center, that by the Swiftneſe of the 
Motion, all the Species of Colours 
may be mixed together in the Eye; 
the particular Colours will immedi. 
ately vaniſh, and the Paper will look 
all of one Colour, which ts a Me. 
dium betwixt White and Black. 

Eighthly, If the Rays of the Sun 
fall upon the inward Superficies of 
the Priſm, with the greateſt Obliqui- 
ty that any of the Rays can be tranſ- 
mitted at, thoſe which are reflected 
will be Violet, and thoſe which are 
tranſmitted, will be Red; Becauſe 
the Rays, being coloured before they 
were refracted at all, and the more 
they are capable of being refracted, 
the ſooner are they reflected allo; 
are ſeparated in this manner. 

Ninthly, If there be two Priſms, 
the one filled with a Red Liquor, and 
the other with a Blue, the two Priſms, 
clapped together, wvill be opake, tho? 
if they be both filled with a Red or 
Blue Liguor, they will be tranſpa - 
rent when clapped together ; Becauſe 
one of them tranſmit none but Red 
Rays, and the other none but Blue, 
therefore when put together, they 
can tranſmit none at all. 

Tenthly, All natural Bodies, but 
eſpecially White ones, oben looked at 
through a Priſm, ppear to be bor- 
dered on one Side, with a Red and 
Teilvau Colour, and on the other Side 
with a Blue and Violet. Becauſe thoſe 
Borders are the Extremities of whole 
Images, which the Rays of every 
Species, according as they are more 
or leſs refracted, exhibit at a greater 
or leſs diſtance trom the true Place of 
the Object. 
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Priſms be ſo placed, that the Red of 
the one, and the Purple of the other, 
be mixed on a Piece of Paper fitted 
for the purpoſe and ſurrounded with 
Darkneſs ; there will be a pale Image, 
which if it be looked upon through 4 
third Priſm, at a due diflance, vill 
appear double, Red and Purple: &. 
likewiſe, if two Sorts of Petuder, the 
one perfectly Red, and the other per. 
fetly Blue, be mixed together, and 
any ſmall Body be dawbed thick with 
that Mixture, it will appear to the 
Eye, through a Priſm, to bave two 
Images, à Red and a Blue one : Be. 
cauſe the Red Rays, and the Purple 
or Blue ones are ſeparated by an, un. 
equal Refraction. 

Moreover, thirteenthly, F the 
Ray which are tranſmitied through 
a gibbous Glaſs, be received upon 4 
Piece of Paper before they meet in the 
Focus, the Confines of Light and Sha. 
dow will ſeem tinged with a red Co- 
hour, but if beyond the Focus, with a 
B ue : Becauſe in the former Caſe, 
the Red Rays, which are ſomewhat 
leſs refrated, are uppermoſt ; but 
after croſſing in the Focus, the Blue 
are ſo. 

Fourteenthly, If the Rays that 
go through one balf of the Pupil be 
intercepted by any opake Body put 
cliſe to the Eye, the Extremities of 
the Objetts beyond, will appear ting» 
ed with Colours, ai they do through a 
Priſm, but not ſy41iv1d : Becauſe the 
Rays which are tranſmitted through 
the other part of the Pupil, are ſepa» 
rated into Colours by Refraction, 
and will not be diluted by the Mix. 
ture of the intercepted Rays, which 
would have been refracted the con- 
trary way : And hence it is, that a 
Body which looked at through two 
Holes in a Piece of Paper, appears 
double, appears tinged with Colours 


alſo, 
think 
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* | chink that the Superficies AB determines it to move to- 

ds wards 8, rather than towards V, and conſequently to turn 

nd about its Center in the order of the Letters STV, which 

nat it will continue to do the whole Length of the Line 

his IM. And becauſe when it is come to M, where it un- 

to gergoes a Refraction towards the right Hand ; this is a 
Reaſon why it ſhould be turned about again in like man- 

ner; therefore it muſt be acknowledged, that the ſmall 

uſt Globules which come out of the Glaſs towards N, are fo 
modified, that beſides the Diſpoſition they have to move 

of ſtreight along, they have a Diſpoſition alſo to turn about 

er, their own Centers. 

tes 67. What was affirmed of the Globules of the Ray 67. That the 
% FIMN is to be underſtood alſo of thoſe of the Ray *7® 


coul:s divers 


2 GLOP and of all the other intermediate Rays. But af- i ge 


% 


ro ter the ſecond Refraction, which is made at the Surface 1% in theſe 
the BC, we find on the one Hand, that the ſmall Globules of — „. 
* the Ray MN are turned about in the ſame manner as Fig. 3. 

pe they were at firſt, from a new Cauſe ; for the Shadow 

the on the Side D flackens the Motion of the Globule M on 

* the ſame Side; and the Rays which are between IMN 


de and LOP being ſtronger thar the other, preſs upon the 
n. Side Q of the ſame Globule, and becaufe they move th: 
| fame Way as it turns, they quicken its Motion on this 
» Side: And on the other Hand, we are aſſured, that the 
« WW Globules of the Ray GLOP, have the Rotation which 


0 | they had acquired from theſe two Refractions hindred by 
ge Two Things. Firſt, From the Shadow which hinders 
- them on that Side on which they were moſt ſtrongly 


impelled, and retards their Motion. And, Secondly, Be- 
ut cauſe they are impelled on the other Side, by Rays that 


are ſtronger, and which impreſs a Motion upon them, 

4 contrary to that of their Rotation. 

be 68, Having thus conſidered the ſeveral Alterations, and + agg 

f the Reaſons of thoſe Alterations which may happen to . 

. the Rays of Light in their Way to the opake Body NP; Rays are 

a we find, that the Globules which fall near-N are turned e = 

, round with a greater Force, than that with which they are e n 
4 moved on in a ftreight Line; and on the contrary, that the 2!.e. 

„ Globules of the Rays which fall near P, move on in a * V. 

1 ſtreight Line, with a greater Force than that with which & 3% 

5 they turn round their Centers, And Laſtly, That their 

- intermediate Rays, about X, have pretty near the ſame 

: Force ta turn round, as to move ftreicht along. © But by ' 
's Experience we find, that we ice Red in N, Blue in A 


Yellow in X, Orange between N an! X, and Green be- 
K T0k 4 Q 2 tween 
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tween X and P; whence it appears what the particular 
Diſpoſitions of the Globules which compoſe the Rays of 
| Light are, to excite in us theſe Senſations, 
69. What bg. Now there are two Things in the Objects (1) which 
of 3 we call coloured, which may cauſe the ſame Modifica- 
Bodies con- tions in the Light, as thoſe acquired in paſſing through a 
Jt in. Priſm. For, Firſt, Their Particles may be ſo tranſparent, 
that the Rays of Light may penetrate a little way into 
them, and be refracted, before they are reflected: Se- 
condly, (and which may produce the ſame Effect, and 
be hs Cauſe of the Colours of different Objects) Thek 
Particles may be ſo ſmall and uneven, that the Globules 
of the Rays of Light which fall upon them, may com- 
municate ſome of their Motion to them, and by that 
Means they may be turned round and reflected back, in 
the ſame manner as a Ball thrown with great Force up- 
on the Graſs, is ſtopped a little by the Spires and turned 
round, 
792. Thatce= 70. Neither can it be doubted, but that ſome of the 
Purea Particles of coloured Bodies are really tranſparent, as may 
ſome mea- be ſeen by the Help of a Microſcope, in all kinds of Sand, 
ſure tranſ. Flint-ſtone, Marble, Sugar, Silk, Wool, Hair, Herbs, 
fannt. and an infinite number of other Bodies. 
71. Thatthe 71. And that the Particles are very ſmall and broken, 
Surfaces of is evident, not only from hence, that coloured Bodies ap- 
gona 17. pear coloured when viewed all Ways, but is further con- 
rugb by co. firmed from the manner in which Colours are made by 
buring them. the Dyers. For, ſiuce Braſil-Wood, Indian-W ood, In- 
dico, Yellow-Weed, Sc. will nor tincture any Thing 
with a red, violet, blue, yellow, &c. Colour, unleſs there 
be ſome Allum mixed with them, we muſt conclude, that 
this penetrating corroſive Body inſinuates itſelf into the 
Pores of the Cloth, and dilates them; whereby there is 
Room made for the Water to enter tinctured with the 
ſeveral Colours, which ſink into the Cloth in ſuch a man- 
ner, as to leave ſome on the Superficies, which cauſes a 
kind of Roughneſs, and makes it capable of all the diffe- 
rent r e of Light. 
72. Tt ebe After what has been ſaid concerning Dying, it is 
ee EF nec = to make one particular Obſervation about Black; 
«re more bro. and that is, that becauſe the Roughneis, in which this 
den then Colour conſiſts, muſt be the greateſt that can be, to ex- 
wk Dad ; tinguiſh all the Rays; ; therefore in dying Cloth of a Black 


er CMNOUTE 
F.. Colour, Allum and Nut-galls are not ſufficient alone; 


(1) V bich we call coloured) See above Art. 52. 


but 
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but there muſt be Vitriol inſtead of Allum, which is more 
corroſive than Allum ; and further, to make the Vitriol 
corrode the more, they put the Cloths to be dyed into 
the Copper, and leave them for ſome time in the boiling 
Liquor; whereas in dying of other Colours, they only 
dip the Cloth ſeveral times into the Liquor, which is but 
juit warm. 

73. Since the Particles of black Bodies are the moſt 73 N 
uneven, it is eaſy to imagine, that Cloths and other Stuffs — 
of this Colour muſt tear and wear ſooner than thoſe of than cwb:r4. 
any other Colour, 

74. Further, if we conſider, that the darkeſt Colours 74+ Y+y 
require that the Particles ſhould be the ſmalleſt that can Fare . 
be; it is evident, that we may eaſily make a light Piece wil dye of 


of Cloth of a dark Colour, becauſe it requires only to ter Co- 


lours, but not 


have its Superficies made rough; but becauſe it is very 25, — 
difficult to make it ſmooth again; therefore Cloth of a 
dark Colour, can very hardly be dyed of a lighter. 


75. Now, when I ſpeak of the Particles of coloured 75. I: is nee 


| Bodies, I mean only the very ſmalleſt of all ; many Hun- neceſſar 


that Things 


dreds of which may be united together differently, in or- of che ſame 
| der to compoſe groſſer Parts which may be of very dif- Colour ſhould 


ave the 


| ferent Figures, in the ſame manner as different Buildings ſame Taſte 
| may be formed of Bricks, which are all alike, Thus we | 

| know, that coloured Bodies act upon the Eyes by their 

| ſmalleſt Particles, and upon the Tongue by thoſe which 


are larger, and compoſed of the other; whence we con- 


| clude, that Things of the ſame Colour have not neceſſarily 
| the ſame Ta/te, 


76. Since there are two Sorts of Particles in the ſame 76: By al- 


X R . . zn tering the 
Bodies, this ſhows us, that if we make any Alteration in ſmalleſt Par- 


the ſmaller Sort, the Colour muſt be changed likewiſe. vice of any 


And fo we experience it in Herbs bruiſed in a Mortar; Body cheCs- 


h lour it al- 


and in Colours which Painters grind upon a Stone, ſuch alſo 


as Vermillion and Orpiment, But if the Body be ſuch, 
that the ſmalle Particles of it cannot be altered, neither 
can the ColouP be changed; as we ſee in ſome Paints, 
which are not ſo eaſy to be altered as thoſe mentioned ; 
eſpecially as Herbs, whoſe Particles have before a proper 
Motion of their own, as being in ſome meaſure liquid, 
which helps to daſh them againſt each other, and to ſe- 
Fon them into ſmaller Particles than they would other- 
Wiſe be, 


Q 3 77. From 


. 
—— 
. _— 
1 — — — — 
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77. Hewa 577. From what has been faid concerning coloured Bo- || this 1 

8 dies, and particularly concerning a white Body; we may Force 

pear, which infer, that if there fall no other Rzys of Light upon à entir 

ene, white Body, but thoſe that are caſt upon it by another WW js at 

ps #65) Body which has already modified them, the Rays will 1 Acti 

not be altered at all by the white Body, but reflect. of t. 

ed back to the Eye with the fame Modification; ſo a Fe 

that the Body inſtead of appearing White, will appear at & 

of the Colour of that Body from which it received the mit 

Rays. ing 

78. Acuri- 78. We may be convinced of this by a very curious 8 

OP * Experiment, which it is not very difficult to make. The 

Way of doing it is this. Let all the Windows of the 

Room be ſhut up clote, except a very ſmall Hole, thro 

which the Rays reflected from the Objects on the out- 

ſide, may enter in; then let the Rays fall upon a white 

Cloth, or any other white Body, and it is pleaſant to ſee the 

different Colours of the Objects which are painted upon it. 

79 Why the 79. This Experiment perhaps may raiſe a Difficulty in 

Aetiens of the Minds of ſome, who may imagine, that different 

JV Rays, and differently modified, paſſing through the ſame 

mitted tho Hole, muſt hinder one another, and confound their re- 

ene and the ſpective Actions: But it will not be hard to get clear of 

4 this Difficulty, if they conſider in the firſt Place, the vaſt 

re r hg number of Pores that there is in the leaſt Quantity of 

Ehret. Air, or of any other tranſparent Body, which afford a 

Paſſage for an infinite number of Rays, if I may fo 

ſpeak, without diſturbing one another. But that which 

is principally to be conſidered, and which takes away 

the Difficulty intirely, is, that the Light, or the Co- 

lours, do not conſiſt ſo much in actual Motion, as in 

a Tendency to Motion, or a Preſſure. Now it is eaſy 

to apprehend, that an- infinite number of theſe ſort of 

Actions, different from each other, may be tranſmitted 

through the fame Point without confounding one ano- 

wy, ther. For inſtance, ſuppoſe a Force equal to a hundred 0 
rig. 4 Pound Weight, applied to the Point A, f the ſtreight 

Line AB, puſhing it towards B, where we ſuppoſe alſo, all 

that there is a Body able to reſiſt this Force, The Line in 

AB could not move at all according to the Direction of w 

AB, much leſs can it bend towards C or D, becauſe * 

it is ſtreight; but the leaſt Force that can be, will bend V 

t! 

ſe 

d 


it towards any Side whatſoever. Thus if any Force in C 
puſhes it by E towards D, if it be but the Force of 
one Pound, it will bend it towards D : But if we ſuppoſe 
another Force in D which can reſiſt that of a * 

this 
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this will hinder the Line AB from bending ; ſo that the 
Force which is at A, ſhall tranſmit its Action whole and 
entire to B, without being diſturbed by the Force which 
is at C: And the Force which is at C ſhall tranſmit its 
Action to D, without the leaſt hindring the Continuance 
of the Action along AB. So likewiſe we may imagine 
a Force at F equal to five Pounds acting upon a Body 
at G. The ſame Point E therefore may ſerve to trani- 
mit as many Actions as we will, without at all confound- 
ing them, 

80. After what I have already ſaid: I have but one 80-That Co- 
Thing more to remark concerning the Diſtinction that is — apr 
uſually made of Colours; viz. that ſome of them are 1 
true or real Colours, ſuch as thoſe of Tapiſtry, and o- 1e true and 
thers falſe or ſeeming Colours only, ſuch as thoſe. 29 
through a Glaſs Priſm, But I don't ſee any Foundation for Curr, 
this Diſtinction, becauſe the Reality is juſt the ſame in 
each of them : For if the Senſation of Colour which we 
have upon viewing a Piece of Tapiſtry be real; that 
which we have in looking through a Priſm 1s as real ; for 
the Priſm is as real a Thing as the Tapiſtry. And in- 
deed it is the fame Light which cauſes us to perceive 


| the Colours through the Priſm, as cauſes us to perceive 


the other, 

81. If any one, in order to ſupport that Diſtinction of 81. Thar we 
Colours which we have juſt now rejected, replies; that — afaſe 
there is at leaſt ſome falſe Appearance in looking through af ce. 

2 Priſm, becauſe we apply the Colours that we fee, to leur. 
Objects where they are not: To this I anfwer, that the 
Fault is not in our Sight, but only in the Judgement 
which we make afterwards, And if this were ſufficient 

to conclude, that theſe are falſe Colours; we may 

for the ſame Reaſon ſay, that all other Colougg are 
falſe likewiſe, becauſe we equally falſely refer the Sen- 
fations which are cauſed in us by them, to the coloured 
Objects, 

82, Nor have they ſucceeded any better, who owning 82. Thar 
all Colours to be equally real, have yet diſtinguiſhed them % J 40 
into * and flying ; giving the Name fixed to thoſe fa * 
which the other called real; and the Name flying to thoſe guiſbing c- 
which the other called falſe : For if the Eye continue ne- _ Wee 
ver ſo long applied to the Priſm, and during that Time Aries, 
the Light intervene in the ſame manner, we ſhall always 
ſee the ſame Colours ; ſo that theſe are no leſs fixed and 


durable, than thoſe of a Piece of Tapiſtry. 
Q 4 83. All 
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83. That 83. All the Difference that is to be found in the Ob- 


— a jects that raiſe in us any Senſation of Colour, is only this; 
all beteveen that ſome of them, ſuch as the Priſin, ſeem to require 
— that the Eye ſhould be fixed in a certain Place, out of 
"mere which there is nothing to be ſeen ; whereas others, ſuch 
as Tapiſtry, appear of the fame Colour, which way fa 
ever they are looked upon. However, if we conſider the 
Matter a little more cloſely, it is certain, that the Priſm, 
and the Tapiſtry, agree in this: that the ſame Parts of the 
Tapiſtry which reflect the Light to the Eye when it is 
in any certain Place, does not reflect the ſame to it, 
when it is removed ever ſo little out of that Place; 
and the only Reaſon why we perceive the ſame Colour 
when we change our Place is, becauſe inſtead of theſe 
Parts,. thoſe Parts that are next to them, and which are 
exactly like them, reflect the Light in the ſame manner, 
If therefore the Eye were fixed in one certain Poſition, 
from whence it ſhould ſee ſome particular Places of the 
Tapiſtry of ſome particular Colours, and God ſhould 
annihilate all the other Parts of the Tapiſtry, ſo that 
they could not at all reflect any Light in the Place 
where the Eye is, it would continue to ſee the ſame Co- 
lours; but if it ſhould change its Place, they would im- 
mediately diſappear. | 
34. Of tte 84. I his being well underſtood, there will be no great 
ee sf Difficulty in explaining thoſe Colours which we call 
— N Changeable, ſuch as we obſerve in a Duck's Neck, or in 
a Pidgeon, or in a Peacock's Tail: For it is eaſie to con- 
ceive, that the Parts of theſe Bodies are placed in ſuch 
order, that thoſe of them which are proper to modify 
the Light after one particular manner, are diſpoſed to re- 
flect it to one certain Place; and thoſe that modify it 
in angther manner, reflect it to another Place, Thus 
if the Eye be in the Place where the Rays come, 
which cauſe the Senſation of Red in us, then the Ob- 
ject appears Red, and if it be placed where the Rays 
which cauſe Yellow are reflected, the Object appears 
Yellow. | 
86. A Cen- 85. [This is confirmed from hence; that Workmen have 
2 found out a Way to make Stuffs of a changeable Colour, 
ea wth by making the /Yarp of a Light Colour, and the Striking 
Things made of a Colour not quite ſo Light: But what moſt reſem- 
Ae. bles the Objects to which we aſcribe theſe changeable 
Colours, are thoſe channelPd Tables which repreſent 
different Sorts of Things, according as they are viewed 
from different Places: For one of theſe Tables, when 
it 
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it is looked directly upon, repreſents a Cæſar's Face; 
when looked upon on the Right Side, it repreſents a Cat, 
and on the Left Side a Skeleton. Thus, as they are 
different Parts of the Table which make theſe different 
Repreſentations, ſo likewiſe are they different Parts of the 
Pidgeon which cauſe us to ſee different Colours. 

86. If after what has been ſaid concerning the Nature 86. 7b re- 
and Properties of Light and Colours, there remains any 5, f 
further Difficulty, it will be ſolved afterwards, when we Licke Ry 
have particularly examined the Nature of Viſion: And Cours can- 
this is what J ſhall proceed to; which I the more rea- 7% f, 
dily do, becauſe the following Parts of this Treatiſe of ave ex- 


Natural Philoſophy, depend in ſome meaſure, upon Ob- ng 7 


| ſervations made by the Help thereof, fo that it is neceſ- 7. 


ſary to know all the Circumſtances of this Sort of Sen- 
fation, which is the moſt wonderful of any that we are 
poſſeſſed of: I ſhall begin with a Deſcription of the Eye, 
and to avoid Tediouſneſs, I ſhall mention only thoſe 
Things which belong particularly to this Subject. 


Ao Fer 3 0 8 OI NN Fe III 


CH AP. XXVIII. 
A Deſcription of the E TE. 


WHILST the Eye is incloſed in the Head of any 1. Of the 


Animal, the Bones which ſurround it, hinder us 2 


from ſeeing what Figure it is of; but when it is taken Tab. v. 
out, we find it is round, and ſuch as is repreſented in the Fig: 5. 


Figure ABCDEF. FAB C is the fore-part of it, or 


that which ſticks out; CD EF that part which is incloſed 
in the hollow Bone of the Head. Fr 

2. AB is a tranſparent Part of that particular Coat of 2. Of rb, 
the Eye which is called the Tunica Cornea. 1 


3. BCDEFA is the reſt of this Covering, the Parts of 3. 97 ar 
which that are next to A and B, are called the N. hite of which joins 


the Eve. | — OO = 
4. AILB is the Tunica Uvea, in which there is a Hole 14. Ey. 
IL which is called he Pupil. 4+ Of the 


. . * * i U- 
5. MN, MN, are certain black Filaments, which are. g, adibe 


called the Ciliary Ligaments; there is a certain ſoft and Pupil. 


tranſparent Body called the Chry/talline Humour which is Se of = 
ſuſpended upon them. — 
6. The Space QQQ is filled with a tranſparent Li- 6. 0f the 
quor, which is very fluid like Water, and for that Reaſon is — 
called the fqueaus Humour. 7. N PT” 


MELT. 
1 
JU ty 


_ 
———__ 


CRASHES, 


< 4 mm — 
8 „ * 89 
5 IF: 


> C | 
RETRY Das 3 . * 
TALE . er — LDH 7 ww 2 
R 0 TH Te I Yn: 
* - * 1 he hy WR g 


456k EV i nns 2 22 
W FR r 
* o * + 
* 


— 4 2 - oil a . &” bk be 
* 9 Age - — — — — — — 
R BY E ͤ ‚ on wwe . rr op 
zh IE A i et arts: IP . - 3} - + PS DOTRS 


res 
a » 
85 7 Ss 


8 


FP 
i J wn 3 ERIE y 
1 . * 4 * 
<E TS, of TN by LN 


234 ROHAULTISVYSTEN Part I. 


7- Of te 7. NONP is a tranſparent Body of the Figure of a 
1 Lens, a little more convex on the Superficies NPN than 
on NON, which, becauſe it is a little hard, is called 
the Chryſtalline Humour. 
$. Of te 8. 'The reſt of the Cavity of the Eye RRR is filled 
Vitreous with a ſlimy Matter, almoſt like the White of an Egg, 
FHumoure which is more tranſparent than either the Aqueous or the 
Cryſtalline Humour, and is of middle Conſiſtency betwixt 
them, (for it can eaſter be compreſſed than the Chryſtal- 
line, and yet it is not ſo fluid as the Aqueous Humour; 
and this is called the Vitreous Humour. 
9. Of te 9. DEGH is a Part of the Optick Nerve, whoſe Ca- 
Optic pillaments TS, beginning in the Brain, and reaching to 
4 the Eye, form at the Bottom of it a curious Piece of 
Net-work which Phyſicians call the Retina. 
10. That 10. I purpoſely forbear mentioning the Number and 
tbe d f Names of the ſeveral Coats with which the Eye is co- 
rg vered, becauſe they are not of any particular Uſe in ex- 
plaining the Nature of Viſion ; but I muſt not omit to 
take notice, that the Superficies of theſe Coats are all 
Black in thoſe Places which are over- againſt the Bottom 
of the Eye. 
11. Of th II. The whole Body of the Eye is encompaſſed with 
— 9 — ＋ fix Muſcles, four of which are called Right, and the o- 
ther two Obligue. Every Nerve, which is thought to be 
the Original of the ſeveral Right Muſcles, is derived im- 
mediately from the Brain, from whence it comes along 
through a little Hole in the Bone of the Head, and di- 
vides it ſelf into theſe Muſcles, every one of which i is in- 
ſerted into ſome Part of the Coat of the Eye, ſuch as 
that here marked F in ſuch a manner, that of theſe four 
Muſcles, the Firſt is above, the Second below, and the 
other Two on each Side this Coat. And as the obfigue 
Muſcles have their Origin alſo in the Brain, their Nerves 
are bent round, ſo that they ſeem to come from that 
Corner of the Eye which is next the Ear, and one of 
them ſpreads over the "Top, and the other along the 
Bottom of the Eye, and ſo croſs the four right Muſcles, 
and then are inſerted into the Bone of the Noſe. 


va. The Uſe 12. There is no one Muſcle in the whole Body, but 


of he It.. what is ſometimes filled with a certain Liquid like very 


mg ede thin and fine Air, which comes to it from the Brain along 
the Nerve which belongs to it. This Liquid is what Phy- 

ſicians call the Animal Spirits, which cannot ſwell the 

Muſcle without ſhortning it or leſſening the Length be- 

twixt 


af 
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twixt the Origin and the Place into which it is inſerted. 


Tnus when the right Muſcle which is above, is filled 
with _— the Eye muſt neceſſarily be lifted up, and 
when the Three other right Muſcles are filled in their 
Turns, they ſerve either to turn the Eye downwards, or 
to the Pight, or to the Left Side. But what is very 
remarkable here, is, that if theſe four Muſcles be filled 
all at the ſame time, they will alter the Figure of the 


Eye a little, and make it flatter than it Was before. But 


as to the oblique Muſcles, I am not of the ſame Opi- 
nion with thoſe Phyſicians who ſay that they ſerve. to 
turn the Eye round like a Pulley ; { 

they are filled both together with Spirits, and by. that 
Means ſhortned, and ſo they preſs upon the Eye and al- 
ter its Figure, in ſuch a manner, that the fore-part of 
it is made more gibbqus, and the hinder-part funk a little 
deeper in; and this makes a greater Diſtance between 
the Chryſtalline Humour and the Retina, 


13. To theſe Alterations of the Eye we may add, that 13. That the 


the Pupil is capable of dilating and contracting it. (elf, 
And thus we find, that it dilates it ſelf, when we are in 
Places where there is but a little Light, and when we 
try to look at a great Diſtance ; and on the other Hand, 
it contracts it ſelf when we are in a very light Place, or 
look at an Object very near. 


14. Laſtly, we may obſerve, that if the two Optich 14. Of the 
Nerves be purſued to the Origin of them, we ſhall find, e Or 


that after they come into the Skull, they approach nearer 
and nearer to each other, till at laſt their Coats are mixed 
together, and they become one and the ſame; but after- 
wards they are ſeparated again, and then enter into the 
very Subſtance of the Brain, after which we ſee them no 
more, Wherefore to add any Thing farther about this 
Matter, would have no Similitude of Truth, unleſs it 
were to account for certain Phznomena which otherwiſe 
could not poſſibly be explained. 
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rather think, that 


x. What 1s 
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Viſion, and 
that Ariſto- 


bout it. 


a 


d yo nn 
5 D. 
4 i 
Tv L l p by r * 8 
b 1 bY Ss. * of b | The 7.590 e . SD f £ 
l 5 9 2 5 La l q b : r , \ = & x r ___ 1 6 
Sa Fo d ** 6 ty Jl 4 ho. -_ SSN =e FRY * „ n . e A * * 1 e * 23 Se AAP hag. * 
p * — C——? DG 2 2 — n 5 AAS Ts = 3 * 3 1 = - by __ S 
ND —— TE 5 ht 6. = CT 8 SF. "A — 7% A 1 * ww" 2 1 Land 
4, — po Ty * N 5 7 = SY kk. % * m 
— ——— — — K 1 — a — — ——— — 7 
A oe es d WADE - bye N OY 1 rn 5 "I 2 hb y 
— — PIT OE o 
_ 8 * — N = a * 2" * _ = 1 
- __ * h YL 


SN —— Ho 
82 2 * "I" 
E 


2+ The Opi » 
nion of the 
Ariſtoteli- 
ang about 


Viſon. 


bi. . „„ +. TH — S NY C0 ry E 
F 3 M20 Or arr ads 
„„ Mr — . ˙ . 

— — — 8 — r * 2 — r Eareria 

2 > ＋ "0 ERC . of IS _— a, * oy N 7 
N „ r 28 > © THR —_—- * 
1 os 33 


nz 


2 e b2 - . . „ i . 1's 

* . [CFE * 
1 25 CS = 0 
# = P40 - 
3 of 7 LE FERC 6. J 

U | 2 7 * * 
4. = ee. 

1 p 
. * _ 2 


Title of the Seventh Chapter of his Second Book of the 
tle bar ſaid Soul, concerning Viſion, ſeems to promiſe treating of this 
nothing 4 Matter 
this; that the Object muſt act upon the Medium in order 
to have its Action tranſmitted to the Organ of Sight. 
It is true indeed, that he ſays further in the Twelfth 
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r. 


How Viſion is commonly explained. 


RISTOTLE has ſaid nothing in particular as to 
the manner how Viſion is performed; for though the 


fully; yet he ſays nothing more of it, but only 


Chapter of the ſame Book; that in every Senſation we 
receive the [mages of the "Things, but not the Mat- 
ter; in the ſame manner as Wax receives the Impreſſion 
of the Seal, without retaining any part of the Seal it ſelf ; 
but here likewiſe, what he ſays is as general and looſe, as 
what he faid in the forecited Place; and the Compari- 
ſon which he makes, does not at all ſhow us how fo 
great a Number of Parts of which the Object is compo- 
ſed, can be diſtinctly perceived at the fame Time, nor 
how we can know the Situation, Diſtance, Bigneſs, Fi- 
gure, Number, Motion or Reſt of the Objects which 


are in our View. 


2. The Followers of Ar:/totle ſaw plainly, that he fell for 
very much ſhort of teaching what one would wiſh to bei. 
know upon this Subject; and this has put them upon WW wh 
trying to find how this Doctrine was to be underſtood, | 
Thus taking the Word Image, which he ſpeaks of in the ſon 
forecited Place, in the literal Senſe ; they affirm, that the H. 
viſible Object impreſſes an Image upon the Air which the 
ſurrounds it; that this Image impreſſes another a littte 27 
leſs upon the Air beyond it, and this impreſſes a Third, do! 
2 little leſs ſtill, and fo they go on till there is one im- the 
preſſed on the Chryſtalline Humour of the Eye, which tra 
they pretend is the principal Organ of Viſion, or that no 
Part of the Body which the Soul makes immediate uſe op; 
of to cauſe Senſation, "Theſe are what they call inten- Hy 
tional Images or Species; and in order to explain their for 
Manner of Production, they ſay, that the Objects cauſe Þ cip 
them in the ſame manner, as our own Image is produced aly 
uw a Looking-Glaſs. bo 


3. From 


„ 
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3. From what has been already ſaid, it ſufficiently ap- 3. Thar the 
pears, that I agree with Ariſtotle himſelf ; but I can by — 
no Means came in with his Followers in this Thing of ay explain 
their intentional Species, the Nature of which ſeems to me 5+ Narare 
inconceivable, and has all along put their Underſtandings — — 
upon the Rack. And it is a mere Sophiſm to pretend to Species. 
eſtabliſh their Opinion upon the Inſtance of a Looking- 

Glaſs, becauſe reflected Images are harder to be explained 
0 than direct. 
* 4. There is no need of mentioning all the Abſurdities 4 The A5- 
conſequent hereupon, in order to ſhow that there is no % cle 
is ſuch Thing as intentional Species. It ſhall ſuffice only to | 
ly obſerve ; that if They are diminiſhed in the manner they 

ſay, it will follow, that when an Object is ſeen at ten 
| Yards diſtance, the Species of it is only as little again, as 
th when it is ſeen at five Yards diſtance ; that is, an Object 
ve WW of fix Foot in Length in the one Caſe, will appear of 
t- W three Foot in Length in the other Caſe. Wherefore if 
on the Eye and the Object be within five Yards of each other, 
| it can receive but a very ſmall Part of ſuch a Species, and 

conſequently we could ſee but a very ſmall Part of the 
Object; but this is contrary to all Experience, for we 
can ſee ſuch an Object intire at ſuch a Diſtance, nay, at 
oa much leſs. If they ſay, that theſe Species diminiſh o- 
or Wt therwiſe when the Eye is nearer to them, than when it 
s further off; they muſt allow then, that a Thing ina- 
ch nimate, and which acts neceſſarily, has however Under- 

| ſtanding enough to proportion its Action ſo as to per- 
ell form the ſame Thing at difterent Diftances. Which 
to being abſurd, it follows, that the Foundation upon 
on which their Species is eſtabliſhed, is abſurd alſo. 

5. It is not only without Reaſon, but contrary to Rea- 5+ That Vi- 
the ſon, to affirm, that Viſion is perfected in the Cryſtalline}, * 
Humour, and that the Vitreous Humour behind it, is oſ 14 Chryſ- 
the ſame Uſe as the Quickſilver behind a Looking-Glaſs, talline Hu- 
w1z, to terminate the Action of the viſible Object: For W. 
doubtleſs the Object ought to continue its Action thro? 
the Vitreous Humour, which being one of the moſt 
tranſparent Things that we know of in the World, can- 
not reaſonably be compared to Quickſilver, which is very 
opake, To this we may add, that ſince the Chryſtalline 
Humour is found in both Eyes, and two Species are 
formed by it at the fame Time, if That were the prin- 
| Cipal Organ of Viſion, it would follow, that we muſt 
always ſee the Object double, when we look upon it with 
both Eyes at once, 


om | 6. This 
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6. Neicher 6. This laſt Reaſon ſhows alſo how falſe the Opinion 
— „ of ſome Philoſophers is, who affirm the Retina to be the 
the Retina, Principal Organ of Viſzon. 
7-"Thatie 7. As to the Opinion of thoſe who contend that this 
p * Senſation arifes from hence, that the Action of the Object 
the Place, is carried to the Place where the Optick Nerves meet ; this 
where the is confuted by the Experience of Anatomi/ts, who have 
22 mer, found theſe Nerves ſeparated in the dead Bodies of ſome 
Men, who, when they were alive, ſaw Things in the 
ſame manner as others do, | 


COLD OT 8 808 Ku 08 0 ES 
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Of the Paſſage of the Light through the Humour 
of the Eye. 


» ads I Think that moſt of thoſe who have endeavoured to 
antient Pbi- A explain the Nature of Viſion, have run into great 
%% Miſtakes, principally from hence, becauſe they attemp- 
— ted too many Things at a Time, and did not obſerve 
wpm this any Method or Order: Their Miſtake will be a Help to 
— ＋ us, if, upon obſerving, that Viſion is a Conſequence of 
the Action of the Object upon both the external and in- 
ternal Organs; we, in the firſt Place, inquire, how the 
Rays of Light, which are the Means by which any Objects 

are ſeen, are received by the Humours of the Eye. 
2. That it 2, Let us ſuppoſe, for Inſtance, Z to be the Eye, and 
ir ſaſfcient ABC the Object; there is no doubt, but that every 
7 Point, that is, every the ſmalleſt viſible Part of this 
few of theſe] Object, ſends forth Rays all Ways through the Air, to 
I” every Place where it can be ſeen ; but becaufe thoſe 
— woo only which paſs through the Pupil are of any uſe to 
Point of an Cauſe Viſion, we will examine thofe only which fall up- 
. J on that Part of the Tunica Cornca which anſwers direct- 
wo ly to the Pupil : Thus, in order to examine the Action 
of the Point B, it is ſufficient to conſider ſome few of 
_ Rays which come from this Point, ſuch as BD, BE, 

F. | | 

3 That ſme 3, Now becauſe the Ray BD is perpendicular to the 
64 : Cy Superficies EDF, it will not be at all refracted in paſſing 
Beton ef Out of the Air into the aqueous Humour, wheretore it 
the Tye will continue on in a ftreight Line to H, where falling 
Aas gain perpendicularly upon the Superficies of the pou 
ar all in 
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Medium to one that is much rarer, it muſt be refracted, 
and go from the Perpendicular LT, the Poſition of which 


pendicular, approaches towards the Ray BDO; and we 
go to the ſame Point that the Ray BDO went to, that 
{ BF, we ſhall find that the Refractions will carry it from 


| they themſelves are, it is evident, that they cannot do 
| the Eye, in the ſame manner, as if the Pupil were of 


| with a Force equal to the Forces of all them: that are 
contained between BE and BF. 
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talline Humour, it muſt go on ftill directly to M; and 
here falling again likewiſe perpendicularly upon the Su- 
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perficies of the Vitreous Humour, it muſt go directly to 


the Point O in the Bottom of the Eye. 


4. But the Ray BE not falling perpegdicular upon the 4: Of «be 
Superficies EDF, where it is to paſs out of Air into PETR, 
Water, it ought to be refracted, and to go towards the of the Rays, 
Perpendicular EP, and conſequently it will tend to ſome and bow 
Point of the Superficies of the Chryſtalline Humour, ſup- 2 72 
poſe G, which is ſomewhat nearer H, than it would be me Part of 
without ſuch Refraction: Again, the Ray EG likewiſe, 2 O, 
not being perpendicular to the Superficies GHI, through , , Pee 
which it is to paſs out of the Aqueous Humour into ain the Reti- 
denſer Medium, it ought to be refracted again, and go * 
towards the Perpendicular GR, and conſequently to ar- 
rive at ſome Point of the Vitreous Humour,as L,which is 
nearer to M than if there had been no Second Refraction: 

Laſtly, Becauſe the Ray GL is alſo inclined to the Su- 


perficies LMN, through which it is to paſs from a denſe 


is ſuch, you ſee, that the Ray, by going from the Per- 
may conceive it refracted in ſuch a manner, that it ſhall 
is, to the Point O. So likewiſe if we conſider the Ray 


F to I, and from I to N, and that at laſt it will meet 
the other Two at O. And ſince the Rays which fall 
betwixt BE and BF, are not quite ſo much refracted as 


otherwiſe than meet all together in the fame Point O. 
Thus we fee, that the Point B acts upon the Bottom of 


no Breadth, and as if there were to come but one Ra 


5. Now if we conſider the Rays which come from any 3. That be 
other Point of the Object, as from A, we ſhall find, that 5. etc 


all thoſe which enter into the Eye, will be refracted — 
in ſuch a Manner, as almoſt to meet all together in _ of the 
the ſame Point X. And fo likewiſe thoſe Rays which , 4 


; „ Upon as 
come from any other Point between A and B, will many diffe- 


| meet very near together in ſome Point of the Bottom 74 T 


of the Eye between X and O. So that we may affirm - fag *. 
in general, That every Point of the Object, acts very 
2 nearly 
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nearly but upon one and the ſame Point in the Bottom of the 
Eye ; and on the other Hand, That every Point of the 
Bottom of the Eye receives very nearly the Impreſſion of one 
Point only of the Object. 
6. That the 6. I fay very, nearly, not exactly. For if the Su- 
Rays which perficies EDF, GHI, LMN, were of ſuch a Curvature, 
9 as to carry the Rays from one ſingle Point, ſuch as B, 
de not re- to another ſingle Point, ſuch as O, exactly; it would be 
wnite ſo en- impoſſible for them to unite the Rays which come 


attly as : | 
thoſe which from any other Point, ſuch as A, becauſe every other 


— — Point is differently ſituated from B with reſpect to the 
Pointe, Eye. | 
2 That if 7. Now we may obſerve, that if the Object be re- 


tbe Eye could moved further from the Eye, in ſuch a manner that the 
2 i Point B continues always in the Line BD, and the 
Refraions Shape or Diſpoſition of the Eye be no ways altered; the 
cauld net re. Rays which come from the Point B to the Pupil, will not 
en" diverge ſo much, or be at quite ſo great a Diſtance from 
the Rays each other as they were before; wherefore in entring the 
which come Three Superficies EDF, GHI, LMN, they will be re- 
—— — fracted in ſuch a manner, as to reunite a little nearer to 
of Diftan. the Chryſtalline Humour than the Point O is. On the 
Tab. vi, other Hand ; if the Object be removed nearer to the Eye: 
becauſe the Rays which come from the Point B in or- 
der to paſs through the Pupil, diverge more than they 
did, their Refractions will cauſe them to meet beyond the 
Point O. And the Object may be ſo very near the Eye, 
that the Rays which come from any one of the Points, 
may diverge ſo much, as never to unite at all. In all 
which Caſes, tis plain, there would be no one Point of 
the Object, that would not effect too large a Portion of 
the Bottom of the Eye; and conſequently the Action 
of each Point, would be confounded by that of the Point 
| which is next unto it. 
3. Of te 8. This is what would happen, if the Figure of the 
cow rages Eye could not be altered ; but to remedy all theſe In- 
Eye, in er- Conveniencies Nature has fo formed the Lye, that it can 
der to re- become flatter or longer to ſuch a Degree, as to adjuſt 
write (ben. it ſelf to the different Diſtances that we would view the 
Object at. Wherefore when we would look upon an 
Object at a greater Diſtance than it could be ſeen di- 
ſtinctly at when the Eye is of the uſual Figure, it 1s 
then made flat by the Help of the four right Muſ- 
cles, all which acting together, pull it towards the Bot- 
tom of its Ball, and the Retina is by this means near 
enough to the Chryſtalline Humour, to b: exactly in 


2 the 
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the Place where all the Rays which come from any one 
Point of the diſtant Object are reunited. And when we 
would look upon an Object that is very near, the Eye 
is lengthned by the help of the oblique Muſcles which 
encompaſs it, and by being ſwelled, compreſs it; and 
then the Diſtance between the Chryſtalline Humour and 
the Retina becomes greater, that the Rays which come 
from any ſingle Point of the Object which is ſo near, 
may be reunited in a ſingle Point upon the Retina, If, 
therefore, there remains any Confuſion which Nature 
has not provided a Remedy for, it is only in reſpect to 
the Action of thoſe Rays which come from an Object 
that is too near the Eye, at two or three Inches diſtance, 


| ſuppoſe ; but this is needleſs, or at leaſt, not neceſſary to 
de remedied ; for as Sight was given us principally to 
| take Notice of Things at a Diſtance, and there is very 
| ſeldom any Occaſion for ſeeing Objects ſo very near, Na- 


ture has not provided for it. 


9. This Approaching and Receding of the Chryſtalline 9. Ther the 
Humour with reſpect to the Bottom of the Eye, is ſo ne- Eyes of 


Bird: are 


| cellary in order to ſee diſtinctly, that becauſe it cannot ard in a 
be performed by Muſcles in fome Birds, the Coats of Her ent 

| whoſe Eyes are almoſt as hard and inflexible as Bones, 
Nature has provided another Way. For there are placed 
in the Eyes of ſuch Birds certain black Filaments, that 
are not in the Eyes of Men or other Animals, by which 
the Chryſtalline Humour is connected with the Bottom 
of the Eye, and by which it can be made to draw nearer 
| to, or remove further from the Retina. 


manners 


10. It is obſervable, that the firſt of the three Refrac- 10. A re- 
tions which the Rays of Light undergo, in paſſing thro — 
the Humours of the Eye, is not to be found in Fiſhes the Eyes 
who live in the Water, becauſe the Rays are already in Fiber. 
an aqueous Medium, when they begin to enter into the 
Eyes of Fiſhes. And this ſeems to be a Reaſon why the 
Want of this Refraction ſhould be compenſated ſome 


other Way. And ſo we find it is; for Nature has made 


| the Chryſtalline Humour of Fiſhes Eyes more convex, 


inſomuch, that it is almoſt as round as a Globe, and 
not of the Figure of a Lens, as it is in other Animals. 
11. As moſt antient Perſons grow lean and thin by 77+ Ta 


be 1 
Age, ſo their Eyes grow flat and more ſunk than when 7 0% 


they were younger. Now in this Figure of the Eyes, the 257 ;-- 
Rays which come from an Object very near, come to near, is =2- 
the Retina before they are reunited ; wherefore they im- Y 
preſs but a confuſed Image upon it; fo that it is impoſf- 
Vor. I. R ble 
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12. Thot 
thiſe Eyes 
wobich are 
wery large 


a nd ick 


out, receive 
only a con- 


Fuſed Im- 
bref of 
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ble for ſuch Sort of Eyes to receive any diſtinct Image, 
except when the Object is at a ſufficient Diſtance. 

12. On the other Hand, ſome Perſons have by Na- 
ture Eyes that are longer and more gibbous than thoſe of 
other Men ; in which the Diſtance betwixt the Chryſ- 
talline Humour, and the Bottom of the Eye, is likewiſe 
greater than uſual : In theſe, the Rays which come from 
one Point of an Object further off than ordinary, are re- 


05:81 bat United alſo, before they come at the Retina, and then are 


are ot a 


Diſtance, 


1. That per- 
fet Images 


of wifible 


ſeparated again, fo that they ſpread themſelves a little 
upon the Bottom of the Eye, Whence it comes to paſs, 
that theſe Sort of Eyes can receive only a confuſed ]- 
mage of Objects that are at a Diſtance ; and have a diſ- 
tint Image of thoſe only that are near, 
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What we mean, when we ſay, that the Images of 
the Objects are impreſſed upon the Organs of 
Sight. | 


WHEN we once clearly underſtand, that every 
ſingle Point of the Object acts upon one ſingle 
Point only of the Bottom of the Eye which anſwers 


ir-prejed en directly to it; and on the other hand, that every Point 


Fl of Retina. 


of the Bottom of the Eye receives the Impreſſion of 
but one Point only of the Object; it is not difficult to 
conceive that the whole Object acts upon a certain Part 
of the Retina, which is as exactly of the ſame Shape. 
with it, as could be drawn upon a Cloth by the moſt 
skilſul Painter, We can yet ſurther conceive, that this 
Part of the Retina does ſtill more perfectly reſemble the 
Object, becauſe it receives as many different Preſſures in 
all its ſeveral Parts as there are different Colours, or dif- 
ferent Degrees of Light in the ſeveral Parts of the Ob- 
ject, And becauſe we call that an Image, or a Species, 
which has any Reſemblance to the Thing which it re- 
preſents, we call that Part of the Retina upon which all 
the Rays of the Object fall by that Name, and ſay, 
That it impreſſes its Image an the Bottom of the. Eye. 


2. There 
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2. There is no need of ſearching after any other Re- 2. herein 
ſemblance in this Image, than what as been mentioned. 1 4e 
For if we would make any further Compariſon betwixt from rb 
it and the Object, we ſhall find them very different. And 02je#. 
firſt, herein they differ, that a Body is always repre- 
ſented by a Superficies, and ſometimes a Superficies by a 
Line, and ſometimes a Line by a Point: Secondly, The 
Situation is different, for the upper Part of the Object 
is painted upon the lower Part of the Eye, and the right 
Side of the Object upon the left Side of the Eye, Cc. 

Laſtly, They differ in Magnitude, for a very large Object 
is repreſented upon a very ſmall Part of the Eye. 

3. And the further diſtant the Object is, ſo much the 3. The fur« 
leſs is this Part of the Bottom of the Eye; as is evident * 1025 
in the Figure of the Eye C, where the Space HI, which From EA 
receives the Image of the Object FG, is leſs than the Eye, 5 
Space DE on which the Object AB, which I ſuppoſe 2 * 4 
equal to FG, is impreſſed ; and this very nearly in the Tab. vi, 
fame Proportion, as the diſtance of FG from the Eye is Fig. 1. 
greater than the diſtance of AB, 

4. Whoever conſiders ever ſo little of what we have 4: 4 Fr 
before laid down, concerning the Nature of Light and Ws 
Colours, cannot but be of our Opinion, That the Images th:ſe Imaves 
of Objects are in this manner impreſſed on the Bottom of A . 
the Eye : But he may be further convinced of it from Ex- 
perience ; for if, after having darkned all the Windows 
of a Room, over-againſt which are ſome bright Objects, 
we make a Hole in the Window-Shut, and place in it the * 

Eye of an Animal, freſh killed, firſt taking oft neatly | 
all the Membranes which the Bottom of the vitreous 4 
Humour is covered with, and put an Egg-ſhell in their 

ſtead to hold this Humour in, we ſhall ſee upon the Egg- 

ſhell a diſtinct Picture of all the Objects that are with- 

Out. ; 

5. But becauſe there are ſome Difficulties to make this ;, An arti- 
Experiment ſucceed well ; I have thought that the ſame ont 
Thing might be done, by making a large artificial Eye, 2 
which I accordingly tryed : The opake Coats, or Pu- 
nicks, were all made of thick Paper, except the Retina, 
which was made of a very white thin Piece of Vellum ; 
in the Room of the Tunica Cornea, I put a tranſparent 
Glaſs, and inſtead of the Chryſtalline Humour, was a 
Piece of Chryſtal of the Figure of a Lens, but more flat 
than this Humour ; for ſince there was nothing in this 
Machine but Air, in the Places of the aqueous and vitre- 
os Humour, a little leſs Convexity was ſufficient to 

Vor, I, R 2 preduce 
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1 produce the Refractions required: And becauſe it was 
1 very difficult to flatten or lighten this artificial Eye, in the 
== manner the natural Eye is done by the Muſcles, I placed 
the Vellum in ſuch a manner, that it could be moved 
backward or forward, at Pleaſure, 
k —_— 6. This artificial Eye being ſo placed in the Window 
nage f an Of a Room, that the Glaſs which repreſents the Tunica 
Object in Cornea, may be directly againſt ſome Objects that are ve- 
SE ry much illuminated; we ſhall not only fee the Images 
of them impreſſed upon the Vellum, but we may alſo 
obſerve all the moſt minute Particularities, which we be- 


fore collected from Reaſon. Thus we may obſerve, 


7. The frs 7. Firſt, That it is at one particular Diſtance only of 
Obſervation, the Vellum from the Chryſtal Lens, that the Image will 
appear the moſt diſtinct that is poſſible. 

8. Secondly, That this Image is not fo diſtinct in the 
extreme Parts, as in the Middle. 
9. We third 9. Thirdly, That if the Vellum be too near the Lens; 
een. the Image will be leſs, and very much confuſed. 
10. The io. Fonrthly, That if it be too far, the Image will 
Fourth Ob. be larger, but all confuſed likewiſe. 
1 11. Fifthly, That the diſtinct Image of any Object, is 
1 b ob. fo much the leſs, as the Object is more remote. 
_ | tonal „ 12. Sixth, If a certain Diſtance between the Lens and 
* 1 — the Vellum, be requiſite to make a diſtinct Image of an 
1 Object at a moderate Diſtance; the Vellum muſt be 
. moved a little nearer, ſo that the Diſtance of the Lens 


3. The ſecond 
Obſervation, 


w_ from it may be leſs, if we would have a diſtinct Image 
_ of another Object, which | is at a conſiderably further 
1 Diſtance. 
1 13. 1 13. Seventh, When the Vellum is at a proper Di- 
1 feven® O ſtance, to repreſent diſtinctly an Object which is at a 
5 1 ſer hatten. . TD 
— great Diſtance, ſuppoſe an Hundred, or Two hundred 
3 | Yards ; there is no need of altering it, in order to repre- 
= ſent, as diſtinct as is poſſible, any Objects that are at a 
_ ſtill greater Diſtance. 
_=—_ 14, The 14. Eighthly, The nearer the Object is to this artifi- 
= 7% 065 cial Eye, the further muſt the Vellum be removed from 
_— ferwations 
_ the Lens. 


16. The 15. Ninthly, When the Object is too near this ar- 
2:::6 06- tificial Eye, it is impoſſible to get any diſtinct Image, 
ſervation let the Vellum be removed to what Diſtance we 


will. 


16, It 
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16. It is to be obſerved, that in thoſe Caſes where any 16. The dif- 
Alteration muſt be made in the Eye, in order for the I- 1 
mage to become diſtinct, this Alteration is much leſs in arrißcial 
the Eyes of Animals, the Coats of which are flexible, Be, and be 
than in this artificial Eye. For in Animals, the length- W 
ning or ſhortning the Eye being always attended with a 
greater or leſs Convexity of the Cornea, the Figure of 
this Coat contributes its Part in producing that Effect 
which in the artificial Eye wholly depends upon the Length 
or Shortneſs of it. Thus, if when the artificial Eye has re- 


ceived a diſtinct Image of a diſtant Object, another Ob- 


ject be placed before it at ſuch a nearer Diſtance, that in 


order to have the Rays which come from every Point of 
it reunited, the Eye ought to be made One hundredth 
Part longer than it is; the Vellum muſt be removed juſt 
ſo much further from the Lens: But in a parallel Caſe of 
the natural Eye, it is not requiſite that That ſhould be 
lengthned a hundredth Part of the Whole, becauſe the 
Tunica Cornea being more gibbous than it was before, 
cauſes greater Refractions, and fo makes the Rays reunite 
ſooner than they would otherwiſe do. 


17. The Image of an Object impreſſed on the Eye of . Ther 
an Animal, being received in a Place where the Capilla- — — 
ments, of which every Optick Nerve is compoſed, meet 0prick 
each other; it is very probable, that this Image is ſo im- — 1 
preſſed, that the Rays do not move theſe Capillaments Ae f the 
ſide-ways, but always fall directly upon the Extremities of 06je# ttb 
them. To which, if we add; That the Impreſſion n. 
which is made upon the Extremity of every one of theſe 
Capillaments, is communicated from one End to the 
other, we may conclude, that the Image of the Object 
is tranſmitted entire to that Place where theſe Capilla- 
ments end in the Brain. 

18. And becauſe we have no Senſation, when thoſe = Thes = 
Parts of the Body are any way affected, in which there eee 
are no Nerves ; it is very probable, that the Nerves are the Soul per- 
neceſſary to Senſation, And becauſe we have no Senſa- . 
tion likewiſe, when any Object makes an Impreſſion up- 
on a Nerve, if its Communication with the Brain be hin- 
cred, or if the Brain it ſelf be affected with any particu- 
lar Diſtemper ; therefore it is reaſonable to think, that the 
Nerves are not the immediate Organs of the Soul, but 
that they are ſo formed by Nature, as to tranſmit the 
Impreſſion which they receive, to that Place in the Brain 
where the Origin of them is, and where probably the im- 
mediate Organ of the SouPs Senſation is, 

8.3 19. How- 
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19. However, we may further obſerve, that there be- 
they cannot all of them indifferently be thought the 1m- 
mediate Organ of the Soul, On the contrary, it is high- 
ly probable, that ſince we have but one Senſation only, 
though two Impreſſions are made by the Object upon the 
external Organs of the Senſes which are affected, that 
there is likewiſe one particular Place in the Brain where 
theſe two Impreſſions meet. Which that Place is, may 
be very difficult to determine ; but whether it be that 
ſmall Gland which Phyſicians call the Conarium, or 
whether it be any other Part of the Brain, it is hardly 
to be conceived how they can thus unite, without ſup- 
poſing ſomething equivalent to what is now ſaid. 

20. Beſides the manifeſt Reſemblance which there is 
betwixt the two Eyes, I imagine there is another yet, 
which cannot be diſcerned by the Senſes, which conſiſts 
in this, that the Number of Capillaments in one Optic 
Nerve, is equal to the Number of Capillaments in the 
other Optick Nerve. Thus (to make the Thing eaſter) 
if we ſuppoſe the Optic Nerve of the Eye A to contain 
five Capillaments, the Extremities of which are CDEFG; 
it is reaſonable to think, that there is the ſame Number 
in the Nerve of the Eye B, the Extremities of which are 
HIK LM. I imagine alſo, that the Extremities E and K, 
which are in the Middle of the reſt, are exactly at the 
End of the Optic, Axes, that is, at the Ends of the Lines 
TE, VK, which paſs through the Centers of the Pupil, 
the Chryſtalline Humour, and the Body of the Eye; and 
that the reſt are placed ſo regularly about theſe, that we 
may take ſeparately all the Capillaments of one Eye in 
order, and aſſociate them with thoſe in the other Eye ta- 
ken in the fame Order, ſo as to make up a great Num- 
ber of Pairs, which may be called Sympathetick : Thus 
bezinning with the Capillaments C and H, which are 
molt on the Left Hand, I make them the firſt Pair; the 
other Pairs are DI, EK, FL, GM. I am alſo of Opinion, 
that each Pair of Sympatbetick Capillaments end in (1) the 


(1) In the ſame Point of that Part 
of the Brain) This Conjecture is not 
jet confirmed, by cutting open the 
Brain, But be that as it will, the 
Capillaments CH, DI, 
EK, Oc. mey very p ro- 
per'y be called Sympa- 
fie ith, Fox Wiitther 


the Pairs of Nerves meet in the 
Brain or no, it is evident, that two 
Images of every Object impiefied 
upon thoſe Ca pillaments muſt be ſeen 
in the very ſame Place (becanſe the 
Optical Axes meet eich other) that 
is, muſt become one; and therefore 
the Object appears ſingle. 


Tab. VII, 
Fig. 2. 


ſame 
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e- ſame Point of that Part of the Brain which raiſes a Sen- 
n, ſation in the Soul; as you ſce in the Figure, where the 
n- Pair CH meet in the Point O of the principal Organ X, 
h- the Pair DI in the Point P, the Pair EK in the Point 
75 Q, the Pair FL in the Point Ry an the Pair GM in 
he the Point 8. 


at 21. This being ſuppoſed, I conceive that when we 6 ine 
re would look upon an Object, we turn our Eyes to it gent. 
ay in ſuch a manner, that the two Optics Axes meet at indie. 
at the Point which we fix our Attention principally up- 942. * 


or on. Thus the Rays TE, VK, coming from that Tab. vii. 
ly Point, and falling upon the Sympathetick Capillaments Fig- 2. 
PE and K, the two Impreſſions which they make there, 

; | are reunited in one Point only, viz. in the Point Q. 

15 So likewiſe the Part of the Object which is on the right 

t WW Hand, ſhakes the Sympathetic: Capillaments D and I, 

ts | the Impreffions of which are carried to P. And again, 
the Part of the Object which is on the left Hand acts 

he upon the Sympathetick Capillaments F and L, and their 


r) | Impreflions unite in the Point R, and ſo of the reſt. 

n So that though there be two Images impreſſed upon the 

1; Eyes, yet there is but one impreſſed upon that Part of 

er the Brain X, which we here ſuppoſe to be the immediate 

i Organ of Viſion. 

&, 22, What has been already ſaid of the Images which 22. Au cvi- 
he vifble Objects impreſs upon the Eye, being well un- _ mee 
& WW derſtood ; it cannot but be a ſtill greater Surpriſe, C4,y4a!t:ne 
il, W that the Ariſtotelians and almoſt all Phyſicians ſhould Humour is 
il be fo miſtaken, as to affirm, that theſe Images are im- = 2 | 
ve preſſed upon the Chryſtalline Humour, and go no fur- O, gan 2 
in ther; for it will evidently appear, that the different Im- Vicon. 


a- I preffions of the diverſe Points of the ſame Object are all 
- I confuſed there, 
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CHAP.  XAXI 
How Viſion is performed. 


bre AE TER having traced the material Image of the 
Vi im, Object, or the Impreſſion which it makes upon the 
external Organs, to the Brain, I come next to explain 
how this raiſes in us an immaterial Image, or that Senſa- 
tion in which Sight properly conſiſts, and to ſhow the 
Reaſons why it is clear and di iftinet 3 and alſo how we 
perceive the Place, Situation, Diſtance, Magnitude, Fi- 
Sue, Number, and the /3ti9n or Reft of ſuch Objects. 
he ons 26s In order to underſtand how this 1material Image 
trmaterial 5 . x d 
Image of the is — in us, I muſt remind you of a certain Truth 
which has been ſufficiently demonſtrated before; and 
that is, That ſuch is the Nature of our Soul, that par- 
ticular Motions of the Body to which it is e are 
the Occaſions of ae Perceptions in it: Now diffe- 
rent Parts of the Object, act diſtinctly upon different 
Parts of the Bottom of the Eye, and their Impreſſions 
being tranſmitted to that Place of the Brain which is the 
principal Organ of the Soul, it is eaſy to apprehend, that 
the Soul muſt have as many diſtinct Senſations raiſed 
in it, at the ſame time, and without any Confuſion, as 
every one of them excites different Motions, 
3. Wberer i: 3. It is maniſeſt alſo, that this im material Image, 
15 that this ought to be ſo much the more vivid or clear, as the Ob- 
ae jo ject ſends forth more Rays of Light which are received 
by the Eye; for by this means the Impreſſion made up- 
on the Organ will be ſo much the ſtronger, And the 
Largeneſs of the Pupil contributes likewiſe to this Clear- 
neſs, becauſe it affords Room for more Rays that come 
from the ſame Point of an Object to impreis the Image 
on the Bottom of the Eye. 


Ovject is 
formed i 1 


(Ge Soul. 


4. That the 4. It is true, that if we conſider the Action of one 


{mazes 7 Point of the Object only, we mult ſay, that the Senſa- 
Ditonce | tion ought to be weaker or more obſcure in proportion to 
ought to ce the greater Diſtance of the Body, becauſe the Rays of Light 
cla which come from one Point of it diverge, and therefore 
that of a 
Body wwtich fewer of them enter into the Pupil when the Eye is far off, 
„ar. than when it is near, But we know that one Point of 
the Object does not act alone, but always acts in com- 
pany with a great any others, and the whole Image of 
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the Object is impreſſed upon ſo much a leſs Space on 
the Retina, as the Diſtance of the Object from the Eye 
is greater, Thus if one viſible Point, at the Diſtance of 
two Miles, ſend to the Pupil but half the Rays that it 
would do if it were but at a Mile diſtance only, this is 
made good by ſome other viſible Points that are near it, 
which ſend their Rays upon the ſame Capillament of the 
Optick Nerve, where one ſingle Point of a nearer Object 
would ſend its Rays; wherefore the Viſion ought to be 


as ſtrong and vivid. 


5. To this we may add, that becauſe we open the ;. ¹à 4i- 
Pupil of the Eye a little more when we look upon Ob- 0%e&s 


appear more 
clear ko ws. 


jects that are at ſome diſtance, than when we look at 
thoſe which are near; therefore we take in more Rays 
from any Point than we do when the Pupil is not ſo 
wide, and this makes the Senſation more clear. And thus 
we find, that a Mountain looked upon at ſome diſtance 
does not appear of ſo dark a Colour as when we are 
nearer it. 


6. As to the Diſtinctneſi of Viſion, that evidently de- 6. How 05- 
pends upon the Refraction of the Rays; and it is then 75" TT 
| as diſtin as poſſible, when the Refraction is ſo made, as 


that all the Rays which come from one and the ſame 
Point of the Object, meet together exactly in one and the 
ame Point of the Bottom of the Eye : But this never is 
preciſely ſo, but in thoſe Rays which come from that 


Point of the Object which is at the Extremity of the 


Optical Axis; for it is evident, that thoſe Rays which 
come from the other Points, are reunited ſo much the 


| leſs exactly one than another, as they are more diſtant 


from this Axis; wherefore we cannot at the ſame time 
have the moſt diſtinct Senſation but in this Place alone, 


and the reſt will be more confuſed, 
7. This being ſo, it follows from what was before de- 2. M old 
| monitrated concerning the confuſed Impreſſion of an 
Object that is near, on the Eye of an Old-Man ; that r them 

be muſt ſee ſuch a near Object very confuſedly ; and thus vc YT. 


we ſhall eſcape the Error of thoſe, who are of Opinion, 
that the Confuſedneſs in the Sight of Old-Men, ariſes 


from hence; that the Faculty of Seeing, or the Senſe of 


Seeing is weaker in them than in others. And indeed it 
is very ſurprizing, and very lucky, that at a time when 
the Doctrine of Refractions was not at all known, A 
ri/totle ſhould hit upon ſaying, that if an old Man had 
the Eye of a young Man, he would ſee as the young 
Man does; which is the ſame Thing as to fay; that the 

Fault 
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diſtinct. 
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Fault in the Sight of an old Man, does not ariſe from any 
Defect in the Faculty of Seeing, but only from ſome De- 
fect in the Organs. 
8. Why ſme 8. On the other Hand we are aſſured, that thoſe Per- 
TO , ſons, whoſe Eyes are longer and more gibbous than ordi- 
_ ED nary, receive a diſtinct Impreſſion only of thoſe Objects 
Diftancecon- which are near; and a confuſed Impreſſion of thoſe that 
adh. are diſtant : W hence it is eaſy to conclude, that ſuch Per- 
ſons muſt ſee Objects that are near them diſtinctly, and 
thoſe that are at a Diſtance confuſedly. 
9. Aneeber q. The Diſtinctineſs of Viſion depends alſo upon the 
87 2 ry Largeneſs of the Space which the Impreſſion of the Ob- 
of ijien, ject takes up in the Bottom of the Eye, where there ought 
to be at leaft as many Extremities of the Capillaments of 
the Optic: Nerve, as there are different ſenſible Parts 
in the Object which ſends forth the Rays, in order for 
every one of them to make a diſtinct Impreſſion. For 
if the Rays which come from two different Parts of the 
Object, meet together in two different Points of the ſame 
Capillament, it is the ſame Thing, as if they met in one 
Point, becauſe they cannot communicate two different 
Motions to this Capillament at the fame time. And this 
is the Reaſon why Objects, that are at a very great Di- 
ſtance, becauſe their Images are impreſſed on a leſs Space, 
are ſeen but confuſedly. 
1o.Pby0b- T0. Further, if this diſtant Object be compoſed of a 
ag / great many different Parts which are of different Colours, 
different Ce. it is evident, that if ſeveral of theſe Parts act together 
kurs appear upon the fame Capillament, that which is of the brighteſt 
4. aDifeence Colour is the only one that will be ſeen, beaauſe the 
Colour, Capillament will receive the Impreſſion only of this Part. 
And thus we ſee that in a Meadow where there are a great 
many white Flowers mixed with a vaſt Number of green 
Spires of Graſs, at a Diſtance it looks all White. 
11. How ebe II. If it had never been obſerved, that we ſometimes 
refer our have no Perception, when we would have ſome, and at 
32ationts other Times have a Perception, when we would not, we 
Jbings, ſhould not have been ſo ready to have connected our 
Judgement with our Senſation, and Senſation would only 
have been ſimple Perception: But when we had once 
made this Reflexion, our Senſation muſt neceſſarily be a 
compound Perception : And-if we had been more wary 
in our Judgement at firſt, fo as not to have aſſented to 
any Thing of which we had not a clear Perception, all 
that we could plainly have inferred, is, that ſomething 
concurred with us to cauſe Senſation. But having been 
difterently 


Chap. 32. of NaTuRAL PHILOSOPHY, 


differently accuſtomed from the Beginning, and over- 
haſty in our Judgement, we have drawn a different Con- 
ſequence ; and look upon the Senſation, which now up- 
on more mature Deliberation, we acknowledge only as an 
accidental Mode of exiſting, to be without us, and there- 
fore we refer it to external Oles; and we have fo of- 
ten made this Judgement, that we are accuſtomed to do 
it without any Difficulty, and without the leaſt Suſpicion 
of its not being conformable to Truth. 


12. We have been confirmed in this Errour about 12. Aneebey 
Viſien by another Miſtake. We obſerve, that when an d wiy 


opake Body is put between the Object and our Eye, we 
then ceaſe to ſee it: From whence we ought to con- 


| clude, that the Thing which concurs with us to excite 


Senfation, is beyond the opake Body, and being no longer 
able to act upon our Organs, we ceaſe to have the Sen- 
ſation we had before. But inſtead. of reaſoning in this 
manner, we imagine, that the Senſation which we have 
of Light or Colour, that is, the Light or Colour which 
we perceive, is beyond that Body, and ſo carrying our 
Imagination as far as the Object itſelf, we go as it 
were out of our ſelves, along the Line in which we 


receive the Impreſſion of the Object, and aſcribe our 


own Senſation to it, that is, the Colour which we per- 


q cel V . 


13. The ſame. Thing that leads us to refer the whole 
Senſation which we have of an Object to ſomething with- 


cout us, leads us alſo to refer all the particular Senſations an O-ii- - 
of which it is compoſed, in the ſame manner, in ſtreight 
| Lines, according to the Direction in which we receive 
| the Impreſſions from different Parts of the Object: Thus 


the Impreſſion which is made in the lower Part of the 
Bottom of the Eye, coming to us in the higheſt of all 
the Lines by which the Object raiſes any Senſation in us; 
it is along this Line that we refer the particular Senſa- 
tion which ariſes from it. So likewiſe we refer to the 
loweſt Part of the Object, that Senſation which ariſes from 
the Impreffion made by it, on the higheſt Part of the 
Bottom of the Eye. And hence it is, that though the 
whole Image which the Object impreſſes on the Bottom 


of the Eye be inverted, yet when we look upon the Ob- 


ject through a ſimple uniform Medium, this hinders not 
but that it appears in its true Situation; that is, tbe 


immaterial, Image makes the Object appear to us as 


it is, 
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The Knowledge of the Diſfance of an Object, 
as _ as that of the Situation of it, depends upon our 
referring our Senfation to ſomething without us. For 
our regard being chiefly upon the Poſition of the two 
optical Axes ; and the Motion of the right Muſcles of 
our Eyes by a natural Way of Reaſoning, ſhowing us 
very nearly, the Relation or Inclination which theſe two 
Axes have to each other, and at what Diſtance from 
us they meet together ; it is to this Diſtance that we 
refer our Senſation, that is, to the ſame Place where the 
Object is. Wherefore if at any Time we are deceived 
in the Judgerpent we make of the Diſtance of any Ob- 
ject when * look upon it with both Eyes, it is be- 
cauſe we do not know exactly at what Diſtance the 
Optical Axes meet. 

15. And if we make uſe of but one Eye, we can 
know the Diſtance of an Object; provided we move 


Diftance of from one Place to another; for we have ſome kind of 


an Olject. 


16. A Third 


Way to 


Anow t he 


Diſtance of 


an Object, 


Memory of the Poſition of the Optical Axis in the firſt 
Station, when we really attend to the Poſition of it in 
another Station; ſo that we imagine two Optical Axes, 
though there be indeed but one, and by that means 
gueſs at the Diſtance where they meet; and to this we 
refer the Object. 

16. Since we cannot incline the Optical Axes to each 
other in a certain manner, in order to make them meet 
at one Point of an Object which is at a certain Di- 
ſtance from us, but at the ſame "I'ime we muſt put 
each Eye into a particular Diſpoſition or Figure, neceſ- 
fary to ſee diſtinctly at that Diſtance ; we may preſume 
that Nature has ſo ordered the Muſcles of the Eyes, 
that they neceſſarily procure both theſe Effects at the 
ſame Time: And that this is fo, we ſhall have no Doubt, 
if we obſerve, that they who ſee but with one Eye, 
move their Eyes in the ſame manner to look upon Ob- 
jects at different Diſtances, as they who ſee with both 
Eyes. 80 that it is ſufficient, if our Eye be fo flatten- 
ed or lengthned in a particular manner by the Action 
of the Muſcles, as to cauſe ſome Alteration in the Brain, 
which puts the Soul upon conceiving the Poſition of the 
Optical Axes : And fince the perceiving this Diſpoſition 
is the moſt natural Argument to make us know the Di- 
ſtance of an Object, it follows, that the lengthning or 


flattening the Eye is alone ſufficient to diſcover this 
Diſtance, 


. 


17. But 
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17. But becauſe the Alteration of the Shape of one 17. That ir 
Eye only, when we make uſe of it to ſee diſtinctly at ane « 
different Diſtances, is not ſo ſenſible, as the Alteration of 25.4 Judęe - 
the Situation or Poſition of the two Eyes, when in men we 
order to look at different Diſtances we turn them dif- rom de 
ferently, that we may make the two Optical Axis meet as 04-8, 
in the ſame Point; therefore we are not to think, that we we 
this latter Alteration is ſo exactly made, when it is deter- * - | 

mined by the other, as if it were cauſed by that Atten- Eye, ban 

tion which we have when we look with both Eyes up- _ pn 
on the ſame Point of an Object. And this is the Rea- — 
fon why we are more apt to be deceived in the Judge- Eyes. 
ment we make of Diſtance, when we uſe but one Eye 

than when we uſe both. And indeed if we try to touch (1) 

an Object at three or four Foot diſtance, with the End 
| of a Stick of about the ſame Length, we ſhall find, that 

if we look at it but with one Eye, we ſhall miſs touch- 
of ing it two or three times together; whereas if we look 
@ I # it with both Eyes, we ſhall touch it the firſt Time. 


18. Whatever the Alteration be, which is made in the 18. War ie 


— 


1 Eyes when we look upon Objects at unequal Diſtances, 2 
„es certain, that That Alteration cannot be at all ſenſi- in ow 
bu, when the Diſtance is ſuch, that the neareſt Object is Judgemen 


| a great Way off; wherefore we muſt be very liable to be z 3 


+ wore deceived in our Judgement of great Diſtances than 7 fall. 


| of ſmall. 
— 19. Beſides the two forementioned Means of judging 19. Pat the 
at | of the Diſtance of Objects, which are the principal ones, or Confuſed 


| there is yet ſome others: As Firſt. Having often obſer- 24 of the 
ved, that an Object appears more confuſed the further it 22 75 
| s diſtant from us, we make this a Rule of determining OTE 
the Diſtances of Bodies, ſo that according as they appear of bei- Dif 
more or leſs confuſed, do we imagine them to be at a e. 
greater or leſs Diſtance. 

20. So likewiſe, becauſe we have often obſerved, that 20. De ſame 


an Object looks of a brighter Colour, the further it is re- mg 


. - lows from 
moved from us; therefore when we ſee an Object of a their being 


brighter Colour than it uſes to appear of when it is near; 3 leſs 
we conclude, that it is at a great Diſtance from us. K 


(1) An Ol ject at three or four Fiot the Eye, we would try to run a 
Diſtance) it is to be obſerved, that Stick through it; as is juſtly re- 
the Stick muſt not be thruſt diretly marked by Mialbranch in bis En- 
uon the Object, but med ob- gury after Truth, Book I. Chap. ix. 
F liquely, in the ſame manner, as if, Jeck, 3. 
when a Ring is turned 8 de ways to 


21. Tho 
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21. That wwe 


a1. hore 21, The Situation is another Means ſtill of knowing 
Difance by the Diſtance of Objects. For, of thoſe Things which 
tbe Situation We imagine to be lower than our Eye, we judge them to 
* be fartheſt diſtant which affect the Eye with the higheſt 
Rays; and on the other Hand, of thoſe Things which 
we imagine to be higher than our Eye, we judge them 
to be fartheſt diſtant which affect the Eye with the loweſt 
Rays. 
22. Th: In. 22, Further, the Interpoſition of a great many other 
rerpeſurion of Objects between us and the Object we look at, makes 
ako Bodies us think, that the Diſtance is greater than otherwiſe 
makes us we ſhould ; becauſe the Diſtance which we conceive 
ebink, that to be betwixt every one of them, is the Meaſure which 


bieft is : , 
per 0 we compute the Diſtance of the Object by: Thus 


Diftance. in the Inſtance of the Moon, when it 1s at the higheft 
above the Horizon, and we look at it through the Air 
only in which there are no other viſible Objects, we 
imagine it to be nearer to us, than when it viſes or ſets; 
becauſe at thoſe Times, there are a great many interme- 
diate Objects upon the Earth, between us and it. 

23. Howwe 23. When we know the Situation and Diſtance of 

— og an Object, by joining theſe together, we form a Judge- 


of 0bjes, ment of the Brgneſs of it; For, becauſe we imagine the 
Extremities of an Object, to be contained between two 
ſtreight Lines coming from the Eye, which diverge from 
each other in proportion to their Diftance ; therefore 
we eafily conceive what the Bigneſ of the Object is at 
a given Diſtance. So that if at any Time we are de- 
ceived in our Judgement of the Bigneſs of any Object, 
it is becauſe we are firſt deceived in our Notion of 
its Diſtance, Thus, becauſe we cannot truly compre- 
hend the Diſtance of the Moon or Sun from us, there- 
fore no Imagination can repreſent thoſe Bodies to us fo 
great as they really are. 

24. And this is ſo true, that the Stars ſeem to us 
Aigle ſomewhat larger, when the Interpoſition of viſible Ob- 
ben they jects Which are between them and us, helps us to ima- 
OS Og. their Diſtance to be greater; For it is not ow- IM den 

orion. . p . 
ing (1) to the Interpoſition of Vapours, as the Ancients BW tte 
thought, furro! 


24. Why the 


every 

. | : de eq 
(1) To the Interpoſiticn of Va. Refrection of the Vapours. And Circ, 
Fours, &c.) Since the Ange under that this Angle is not greater than 360 
which the Moon appears when in ordinary, is clear from hence; that Þ the | 
the Horizon, is not greater, than though every pa«ticular Part of the great. 
od inary, it is evident, that nothing Horizon (as well the Diſtance ef the F 
ought here to be aiciibed to the theStars from each other as _— the þ 

them- 


"7 FEY 1 
r — , 
—— ig) "TY" 


Chap. 32. of NATURAL PrilosOPHyY. 


thought, that the Stars appear of different Bigneſſes, 
as if the Rays which came from the Extremities of them 
to the Eye of the Spectator, were by that means re- 
tracted, ſo as that he ſhould ſee them under a bigger 
Angle. For modern A/tronomers who have meaſured the 
Angles under which the Stars appeared, when they were 
in the Horizon, and when they were at their greateſt 
Altitude in the ſame Day, (1) have always found them 
the ſame. 

25. It is to be obſerved alſo, that very luminous or 25. bar 
bright Objects mult needs appear bigger than they would — ng es 
do if they were not fo bright. For if the Image which — roy 
they impreſs upon the Bottom of the Eye, aff:&s not than they 
only a certain Number of Capillaments, but ſpreads it d #2 d. 
ſelf to the Extremities of other Capillaments which are 
about it, it is the ſame as if it had covered them al- 
ſo; becauſe the Rays have fo great a Force that all 
theſe Capillaments are moved by them, and not at all 
hindred by the Motion of thoſe Rays which come from 
the other ſurrounding Bodies which affect the fame 
Part, but are very faint ; therefore a bright Body ap- 
pears ſo much the bigger, as it takes up part of the 
Object which is not ſo bright, whoſe Rays are ſwallowed 
up by it. 

5 We may add ſtill further; that the Impreſſion of 26. Ny the 
a very luminous Body may be ſo ſtrong as to extend it JO 
ſelf all round to ſome Capillaments, which no Rays at ar trough 
all come to from the luminous Body; in which Caſe, 2 ce, 
it is manifeſt, that the Object muſt appear much bigger g = 
than it would do, if its Light were more faint. And nibed. as 
it is certain, that we ſee the fixed Stars in this man- er 0%es 
ner; becauſe if we weaken their Action, by artificial- 3 
ly contracting the Pupil, and looking at them through 
a Hole made in a Card with a Needle, (2) they 
appear much leſs. But that which moſt ſurprizes thoſe 


who 


255 


themſelves ; nay the Stars, when 
they ſeem to be larger, ſeem alſo 0 
take up more of the Space which 
ſurrounds them;) though, I ſay, 
every Part of the Horizon ſeems to 

* equally inlarged ; yet the whole 
Circie cannot contain any more than 
360 Degrees; wherefore Bodies in 
the Horizon are not ſeen under a 
greater Angle, but every Degree in 
the Horizon leems greater than in 
ig Meridian. ' 


(1) Have always found them the 
ſame) Nay, they have found the Di- 
ameter of the Moon, when at the 
higheſt, a little bigger, than when 
ſhe riſes or ſets. See Malbrarab : 
Search after Truth, Bock I. Chap. ite 
Sect᷑. 3. 

(2) They appear much leſs) Nay, 
that the fixed Stars, by reaſon of 
their immenſe Diſtance, are but like 
Points only, except that their Light 
i: 2 little dilated by Refraction, is 

evident 
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who ſee not the Reaſon of this, is, that when we look 
at the Stars with a Teleſcope, they appear as much di- 
miniſhed as other Objects appear inlarged by it: and for 
this ſole Reaſon, becauſe hereby the Force of their Rays 
is very much weakned. 
27. The 27. It is certain alſo, that as the Knowledge of 
6:-ing the the Diſtance helps us to find out the Bigneſs, fo like- 
* wiſe the knowing of the Bigneſs helps us to conceive 
belps us the Diſtance, Thus, when we know that a Man is 
3 f about five or ſix Foot high, when we ſee him to 
233 appear but very little, we conclude him to be at a great 
Diſtance. 
28. Here we 28. It would be ſuperfluous to ſhow particularly how 
know the Fi- we know what Figure any Object is of, after what has 
9%. 4 n been faid concerning knowing the Situation, Diſtance, 
and Bignels of its Parts; for the Knowledge of its Fi- 
gure conſiſts in theſe. 
29. Nby we 29. Nor is it difficult, after what has been ſaid, to 
fee an 06j:# give a Reaſon why an Object appears ſometimes ng! 
Jing, ber and ſometimes double : for it is evident, that an Objed 
with bot muſt appear ſingle, when it fo affects the Sympathetict 
Eyes, Capillaments of the two Optick Nerves, as to impreſs (1) 
but one Image upon the Brain. 
30. Why an 3O. And this is confirmed from hence, That if we 
Q';:4 ap. preſs either of our Eyes with our Finger, ſo as to make 
Fears double. it receive the Image of the Object on a different Part 
from what it would do by the common Motion of the 
Muſcles; as it is certain, that the Images which are then 
impreſſed on the two Eyes, do not fall upon the Sympa- 
thetick Nerves, nor reunite in the Brain, ſo we cannot fail 
to ſee the Object double. | 
31. Anzther 31+ So likewiſe, if we look very intently upon a par- 
Way to ſie ticular Object, and at the ſame time another Object be 
2%, placed nearer or further off, which conſequently cannot 
2 impreſs its Image on the Sympathetick Capillaments of the 
two Optic, Nerves ; in this caſe it muſt impreſs two I- 
mages on that Part of the Brain which is the immediate 


evident from hence, that when they End of the Eclipſe it appears again 
are about to be eclipſed by the all at once. 

Moon; when they enter into its Bo- (1) But one Image upon the 
dy, their Light does not decreaſe Brain) See the Natet on Chap. xxxi. 
gradual.y (as that of the Planets does) Art, 20. 

but yaniſhes ail at once, and at the 


Organ 


I. | Chap. 32. f NATURAL PHILOSOPHY, 257 
+ Organ of Viſion,” and therefore (1) it muſt be ſeen 

is double, | | 

Ir 32. Having ſeen how we come to know the Situa- 32+ How ve 
5 tion, Diſtance, Magnitude, and Number of Objects b — 


our Sight; nothing more remains but to examine — 
f we know whether they be in Motion or at Ref. Now it 
; is not difficult to conceive, that we know a Body to be 
e in Motion; firſt, when its Image appears ſucceſſively 
'$ applied to different Images of certain Objects, Which 


0 ve do not compare with any other, but imagine to be 
t immoveable ; or when we find that we muſt turn our 
Head or our Eyes in order to have the Object always at 
7 the End of the Line along which we carry our principal 
p Attention; or laſtly, when, if we move neither our 


Eyes nor our Head, we find it is gone out of that Line. 
The contrary to all which makes an Object appear to us 
to be at reſt. 


, noeins 22S. 


(1) J muſ be ſeen double) It may 
be 22 obſerved here, that if the 
Object now mentioned, be placed 
beyond the Point where the Optical 

Axes meet, it will then 
Tad. VII. appear double in ſuch a 
Fig. 2» PP 

manner, that of the two 
Images, that which is on the right 
Hand is ſeen with the right Eye, and 
that on the left Hand with the left 
Eye; but if the Object be on this 
Side that Point, then the Image 
which is on the right Hand will 
be ſeen with the left Eye; and the 
Image on the left Hand with the 
right Eye. The Reaſon of which 


is, becauſe in the former Caſe the 
Object impreſſes its Image on HIK | 


the left Side of the right Eye, and 


therefore is ſeen by it on the right 


Hand, and on the EFG the right 
Side of the left Eye, and therefore 
is feen by it on the left Hand; In 
the latter Caſe it impreſſes its Image 
on KLM the right Side of the right 
Eye, and therefore appears to it on 
the Left Hand; and on CDE the 
left Side of the left Eye, and there- 
fore appears to it on the right Hand. 

What ſurprizing Things follow 
from thia Obſervation, may be ſeen 
in the Notes on the following ard 


Ven 
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Part J. 


CH AP. XXXIIL 
Of DIOPTRICKS. 


r. Der er IN order to prove the Truth of ſome of thoſe Sup- 


Opinion a- - . . 1 
bout Viken poſitions which we. have made about Viſion; we 


may be con- Ought now to conſider, whether or no all thoſe Thing, 
firmed by the which upon theſe Suppoſitions ought to come to paſs, 
£ xamination 


of different when we look through different Sorts of Perſpective. 
Sort: of Per- Glaſſes or upon Looking-Glaſſes, be agreeable to Expe- 


1 rience; for this will be a great Proof of the Truth of 
2 thoſe Suppoſitions. 


Glaſſes. 2. We will begin with Perſpective-Glaſſes, and firſt 
oy va an Jet us conſider that Sort called Multiplying-Glaſſes, ſuch 
— as that in the Figure ABCD. Now it is evident in the 
when looked firſt Place, that without this Glaſs, the Eye E would ſee 
8 2 © the Object F, by means of the Rays which come from 
G. F to G; and becauſe the Superficies BC is here parallel 
Tab, VIII. to the Superficies AD, which is oppoſite to it, and there- 
fore the Refraction which the Rays ſuffer when they 
enter into the Glaſs, is deſtroyed by the Refraction made 
at their coming out; it follows, that the Eye ought not- 
withſtanding, to receive the Impreſſion of the Object in 
the ſame Place G, where it would have received it if 
there had been no Glaſs ; and for this Reaſon it ought 
{till to ſee the Object in F. It is alſo certain, that 
the Object F, would make an Impreſſion upon an Eye 
placed in N by the Rays which it would ſend thither, 
if there were no Glaſs between; but becauſe theſe Rays 
now meet with the Superficies AB, by which they are 
ſo refracted, that when they come out of the Guß, 
they enter into the Pupil of the Eye E, and afterwards 
go on in ſuch a Manner, as to fall upon that Part of 
the Bottom of the Eye marked I, where they impreſs 
ſuch an Image as an Object placed in M would do; 
therefore this cauſes the Eye at the ſame Time that it 
ſees the Object F in its true Place, to ſee it alſo in M. 
So likewiſe the Rays which would excite Viſion in the 
Eye, if it were placed in O, and no Perſpective-Glaſs 
intervened, being in this Caſe refradted by the Super- 
hcies CD, fo as-to impreſs an Image of the Object F 
on the Part of the Eye marked H, where an Nee 
place 
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placed in L would make its Impreſſion if there were 
no Glaſs; it follows, that the Eye E ought to ſee. yet 
another Object F in L. In a Word, it is eaſy to = 4a 
that the Eye muſt ſee the Object F in all thoſe Pla- 
ces, where the ſtreight Lines terminate, which comi 
from the Pupil, paſs through the ſeveral Sides of the 
Glaſs, by which the Rays of the Object are ſo re- 
fracted as afterwards to make an Impreſſion of it upon 
the Retina. 

3. I have nothing further to add to this, but only that 3.77 # 
ſometimes the Object when looked at through the Sides par, a 
AB, CD, may appear differently coloured from what it lud. 
does when looked at through the Side BC; the Reaſon 
of which is, becauſe the Rays which come from the Ob- 
ject through the Sides AB, CD, are refracted prett 
much in the ſame manner, as they are by a Priſm, hich 
has been explained before. 

4. Let us now examine a convex Glaſs ſuch as that 4. Hows Rays 
in the Figure CDEF. Now it. is to be obſerved, that 7 come 
as it is the Property of this Glaſs to collect into a Point _ _ 
the Rays which fall parallel upon it; fo is it the Pro- are frag. 
perty of it, to collect into a Point, likewiſe the ſeveral 4 Nh 
Rays that fall upon it from any fingle Point of an Ob- on Glaſs. 
jet, with this Condition, that the Point where they are Tab. X. 
reunited is ſo much the further diſtant from the Glaſs, 
as the Point from which the Rays ſeparate is nearer to 
it; and this latter Point may be ſo near, that the Rays 
which proceed from it, may never be reunited at all, 
but become parallel or ſomewhat diverging when they 
come out. * 

5. This being ſuppoſed, if the Object AB be at a pro- 5. He a 
per Diſtance from the Glaſs, all the Rays which come G. e 
from every Point of this Object, may be reunited again mate rhe 
in as many other Points. For inſtance, the Rays which 7 2/ if 
come from the Point A may be collected together in H, fuſed 22 
and thoſe which come from the Point B, may be cot 
lected together in G. Now if the Eye were placed in 
the Point I, it is certain, that becauſe the Rays which 
convey the Image to it from gvery Point are converging, 
that is, enter into the Eye with a Tendency to unite toge- 
ther; therefore I fay it muſt neceſſarily be, ſince the Re- 
fractions of the three Humours of the Eye are made in 
the uſual manner, that by means hereof theſe Rays muſt 
unite together ſomewhat nearer to the Chryſtalline Hu- 

mour than they wauld otherwiſe have done. Wherefore 
Vor. I. 8 2 ut 
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6. How it 
makes old 


diſtinct. 


7. Why it 


makes anOb- 


ject᷑ appear 


Diſtance. 
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if this Eye be the Eye of @ young Man, which cannot 
flatten it ſelf beyond what is requiſite to ſee Objects di- 
ſtinctly, whoſe Rays fall upon it as it were parallel; it is 
evident, that ſuch a Perſon will ſee Objects ſo much the 
more confuſedly as the Rays which fall on the Eye have 
a greater Tendency to unite together more on this Side 


the Retina. 


6. But if it be the Eye of an Old Man, which by the 
Men ſe more common Decay of Age is become flatter than the Eyes 
of other Men; becauſe the Reaſon of ſuch a Perſon's 
ſeeing Objects confuſedly is, that the Rays which come 
from any Point in an Object are not reunited when they 
come to the Retina, which they fall upon ſooner than 
they ſhould do, therefore a Convex-Glaſs makes them 
lee d:/tinftly ; for it makes the Rays more converging, 
and fo helps the Humours of the Eye to reunite them juſt 
when they come at the Retina. 

7. The Diſfance of an Object looked at through ſuch 
a Glaſs, ought to appear greater, becauſe the Diſpoſition 
at a freater of the Rays which come from any Point is ſuch, as 
cauſes the Eye to put it ſelf into ſuch a Figure, as occa- 
ſions the Mind to imagine the Diſtance greater. And 
this is the Reaſon (1) why we think the Object to be 
further off, if we be not prejudiced before-hand in our 
Opinion of the Place where it really is. 


(1) Wy we think the Oljeci to be 
farther off ) Here the famous Dr. Bar- 
row propoſes a very great Difficulty 
in his Optical Leftures, viz. the 18. 
towards the End. However, ſays be, 
Jill vat leave off, till I bave propo- 
| fed to you a very grea? Difficulty (out 
of tbe Sincerity I ave to you, and to 
Truth, by no means to be diſſembled) 
which is contradiciory to that Opinion 
which I hawe been recommending to 
you, at left cannot be 'ſelved by it. 
It ts briefly this, Let the Point A 
be expoſed to the Lens 
CDEF, at ſuch a Di- 
france, that the Rays may 
be ſo bent as to tend towards uniting 
ame tobere in the Axis HD, and let 
the Point H be the Place where they 
meet, or the Image of toe Point A as 
«ve have all along bejore afferted, viz. 
the Focus; beaween this Point and 
be Glaſi V let ui ſupprſe the Eye to 
be any where placed, I ak, in roba 
Place cugit the Point A ito appear 


Tab. X. 


CAS» _ AM 
7 o aw X 
3 . 1 
79 That * 
2 RN = 
wn 1 
1 1 
0 


8. As 


to be» In the Nature of Things it 
cannot be ſeen bebind at the Point 
H (becauje every Impreſſion that af- 
fetts the Senſe, comes from the oppo- 
ſite Part, viz. A) ond it is contrary 
to E xperience alſo. New it ſeems to 
fellow, from the Doctrine wwe bave 
laid degun, that it ſhould appear to 
be before us, and at the great Di- 
ance poſſible (a Diftance exceeding 
any that we can imagine.) For tbe 
leſs diverging the Rays that come 
from ary Object are, ſo much the fur- 
ther d1/tant do we conceive it to be 
(if wwe be nit prejudiced concerning 
its Diftance before-bznd ;) and that 
O0/jeft aubicb ſends forth parallel Rays 
We imagine to be the moſ# diſtant 
that can be, In Reaſen therefore, 
ene would think, that toben the Rays 
come from the Oedt converg ing, it 
ſhould fear, if it Were Paſſible, at 
a greater Diflance yet, But in this 


Caſe it may be alled in general, 
what is ut that determines thg ap- 
parent 
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ot 8. As to the Situation, that will appear the ſame as u- 8. y ic 

li- ſual, and the ſame as if we look at the Object without —— = 

is the Glaſs, becauſe the Eye ſees the right Side of the pear in ics 
on. 


parent place of the Point A, and 
makes it appear ſometimes nearer, 
and ſometimes further off, and al- 
ways in the ſame Proportion. To 
which Scruple we can give no An- 


ſwer from the Analogy of any Thong 


Succeſs in ſolving it. Thus far the 
famous Dr. Barrow, 

And indeed it muſt be acknow- 
ledeed, that there is a very great 
Difficulty here» For it is evident, 
that a Candle, the Rays coming from. 


8 that has been hitherto ſaid, only that which, are collected together, and 
ne the Point A ought always to appear made to converge by a convex Glaſs, 

to be at the greateſt Diftance. But however near, we, by a ſurprizing 
e Experience ſhows the contrary, viz, Miſtake in our Judgement, conceive 
an that it appears at different Diſtan- it t» be, does notwithſtanding affect 
mM ces, according to the different Pojition the Eye when it is placed in I or L, 


of the Eye between the Points F and 
H, and ſcarce ever (if at all) at 
a further Diftance than the Point A 
really is; but many times it appears 
much nearer; nay, the more the 
Rays which come to the Eye con- 


exactly in the ſame manner, as it 
would do, if thoſe very Rays came 
indeed from an infinite Diſtance, as 
will appear by the following Obſer - 
vations. 


Firft, If the Lens be fo broad, 


on verge, the nearer the Image of the that we can ſee the Candle through 
KA OH ect approaches. Thus, if the Ey: it with both Eyes at the ſame time, 

be placed in the Point VJ, the Point though we endeavour all we can 10 
Ca- A-will ſcem to be very nearly in its make our Optical Axis diverge to a 
nd true Place; if the Eye be moved diſtant View, yet the Candle will 
he backward to IT, the Image will ſeem never appear ſingle, but always dou- 

to approach nearer ; and it will ap- ble ; in ſuch a manner double, that 
ur tear till nearer, if the Eye bein I of the two Images of the Candle, 


or L, and ſo by degrees ti'] the Eye be 
placed ſomewubere near H, where the 
Object will appear very near, and be- 
in to vaniſh confuſedly. All which 


the right Hand one will appear. on 
the right Hand, and the left Hand 
one on the left Hand. Whence it 
is moſt manifeſt, that the Place from 


it em to contradit our Arguments and whence we ought to judge the Rays 
ont Opinions, or at leaſt, do not very wi come, is beyond that where the op- 
af- agree with them, And tots Fxpe- tical Axes meet, be it at never fo 
bo- riment not only contradifts our N great a Diſtance : that is, the Can- 
ar dun, but all other that I kncww of, dle will affect the Eye in the ſame 
__ gay It ſeems ſo much to over- manner as if it were at an infinite 
ae tar that antient and common ore, Diſtance. See the Notes on Chap, 
- to which 1s more d tin to curs than xxxii, Art. 31. | 
Di- any other, that the learned Tacquett Neither can it be ſaid here, that 
Jing ta forced by it to renounce that Prin- the Candle is not therefore ſeen dou- 
the ple, (upon which almne, almoſt all ble, becauſe it is ſeen, as it were, at 
come 171 Catoprrices depend ) as uncertain, an infinite Diſtance ; but that it is 
furs nd not to be depended upon, where. only an accidental Thing, and effect - 
0 be by be wvertorew bis cxyn Doctrine. ed by the Inieip.:ficion of the Glaſs. 
ning In the preſent Caſe bere is For if we look through a concave 
that ſometbing that ties deep bid in the Glaſs, it does not appear double; 
lays Subtlety of Nature, which perbaps and it my be fen fiagle through a 
Lint eanrot be diſcrucred, till wwe under- Convex-Glaſe, if either the Eye or 
ere, hand the Nature of Vijion more per- the Candie, be fo near the Glaſs, 
471 Jer#ly. Concerning which, I con/eſs, that the Rays fall upon the Eye, 
, it be net yet been able to think of not converging, but on'y lefs diverg- 
at any Thing to flatter my felf with, ing; in which Caſe, ſuch Glaſſes axe 
this muh leſs to give my /eif entire Sa'ts- of great Uſe to render the Sight more 
ral, foFrom. 1 tberefure l:awe this Dif. d:ftincet, 

p- realty with you, end vb qa better 

rent 8 3 Secandly, 


* 
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Object B, by means of the Ray VI, which is on the 
right Hand of the Ray SI, by means of which, it ſees 


the left Side A. 


Secondly, The Reaſon of the Ap- 
pearance of a Cand e in this manner 
when looked at thro gh a convex 
Glaſs, is. exactly the ſame, as that 
of a Candle ſeen erect when the 
Rays are teflected by a concave 
Looking Glaſs. In both Caſes the 
Rays are converging ; in both Caſes 
the Odject ſeems equally near. Now 
in a concove Glaſs, if when the 1- 
mage is feen erect behind the Glaſs, 
a Stick or a long Reed be fo put be- 
tween the Candle and the Superfi- 
cies of the Glaſs, as to ſtand per- 
per dicular to the Glaſs, the Image 
of tht Stick ought to appear of 
an mmfinite Length behind the Glaſs 
(as 1acquett has demonſtrated in 
his Catoptricks, Book III. Prep 22. 
and as the Thing it ſeif ſhows us; 
and yet the Image of the Candle 
muſt neceſſarily appear beyond the 
Image of this Stick; however near 


- theiefore we, through Prejudice, 


judge the Image of the Candle to 
be when alone, it is yet evident, 
that it does really affect the Eye, as 
if there were zn infinite diſtance be- 
tween, And the fame muſt be ſa d 
of a convex Glaſs. 

Now here is the great Difficul-y 
(as the learned Perfon befere-men- 
tiored cbferved) how it comes to 
paſs, th-t when the Rays fall up- 
on the Eye as if they came really 
from an infinite Diſtance, yet the 
Candle dies not ſeem (as one wou d 
expect) to be as remote 3s poſſi- 
bie, but always very near, tho. gh 


| ſometimes nearer than other, and 


that in a certain ard conſtant Pro- 
portion. 

Now havirg conſidered this Dif- 
ſiculty on @ 1 Sides, I at laſt four d 
out the 'oil.,wing Solution of this 
ſurpr zing Pyænomenon. 

Fir, Becanſe we cannot judge of 
the Diſtance ot the Candle by the 
meeting of the optical Axis ( for 
in this Ca e, thoſe Axis can never 
ment at all -t the Candle, as wes 
before de monſtrated 3) and becauſe 
the Judgement which we make of 


the Diſtance of Objects by ane Eye 
on y, is always the worſt and moſt 
uncertain, and becauſe the true Di- 
ſtance of the Candle is kncwn be- 
fore ; therefore frum Prejudice and 
Prepoſſeſſion, it muſt always ſeem 
to be pretty near to us. To which 
we may add, that we cannot by our 
Sight perceive any Diſtance, how 
great ſoever it be, if there be no- 
thirg in the intermediate Space: 
Thus the Body of the Sun, though 
we very we!l know, that It is at 
an immenſe Diſtance from us, yet 
it ſ-ems very near; ard were it 
not that we imagine to our ſelves, 
trom the Conca vity of the Heavens, 
a certain Radius of a *pheie, we 
ſhould think it fill much neater. 
Thus if we look at the Sun thro' 
a very long Tube, which hinders 
our lecirg any other Bodies, it 
ſeems to be at the End of the 
Tube. 

Secondly, It ought alſo to appear 
ſometimes nearer than other, ard that 
in a certain and conflant Proper- 
tron, For when the Eye is placed 
near the Glaſs, as in V, the Candle 
ſeems further oft (as by the Laws 
of Opticks it ought to do) than it 
does with: ut the Glaſs 53 now it the 
Eye be removed backward gradual- 
ly, the common Re fraction of the 
Rays will be fuch, that the Candle 
muſt neceſſarily ſeem berger and 
brighter, in the ſame Proportion as 
the Eye recedes from the Glaſs. 
Now this Largeneſs and Brightness 
is the Reaſon why it ſeems nearer 
and almoſt cloſe to the Eye. 

And th's is confirmed trom hence, 
that if the Rays of the Candie are 
firſt tran mitted threugh a corcave 
Glass (that the Bigneſs and Bright- 
neſs cf it may be diminiſhed ) ard 
then by p-fling through a convex 
G'a's they be made to converge ( 3s 
when we look through an inverted 
Teleſcope of two Glaſſes) then we 
eafily imayine the Candle to be at 
a veiy great, and almuſt infinice 
D. ſtꝛuce · 


9. But 
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9. But this Object will appear ſametuhat bigger, becauſe 9- Fhy it 
the Rays VI, ST, as they enter into the Eye, are incli- 347 — 
ned to each other with a larger Angle, than they are be- peor bigger. 
fore they were refracted by the Glaſs, ſo that they 
ſeeming to come from the Places 2 and 3, impreſs an 
Image of the Object upon the Eye as big as if they poſ- 
ſeſſed all the Space between 2 and 3. % 

10. If the Eye be placed in L, the Rays which come ro. How it 
to it from any Point are ſtill more converging ; and my make 
therefore if the Sight were confuſed before, it will be *** 292 
much more ſo now, And becauſe the Rays XL, and TL, bigger and 
which come from the two Points A and B of the Object, more con- 
make a {till greater Angle than ST, VI, they muſt make x. X. 
the Object appear yet bigger. Whence it ſhould ſeem 
to follow, that the Viſion ſhould not be ſo clear, but 
more obſcure, becauſe the Rays which impreſs the Image 
of the Object on the Eye taking up a larger Space up- 
on the Retina, each Capillament of the Optick Nerve 
receive fewer of them in Proportion: However it is 
certain, that we can then ſee as clearly as if the Image of 
the Object were ſmaller. For there are a great Num- 
der of Rays, which come from every Point and are 
diſpoſed by the Glaſs to reunite, that enter into the 
Pupil when it is ſo placed as to ſee the Object very 
large, than when it is placed where the Object appears 
ſmaller. 

11. So likewiſe if the Eye be placed in V, the Object 1. _ i 
ought to appear very bright and clear, becauſe all the the Obi 
Rays which come from any Point of the Object, and appear 
fall upon the whole Superficies of the Glaſs do then en- Jaa. 8 
ter into the Pupil; but it muſt, notwithſtanding this, 
appear very confuſed, becauſe the Rays being SS cal- 
lected together when they are about to enter into the 
Eye, (1) are refracted afterwards by the ſeveral Humours 
of it, and are by that means diſperſed again; ſo that 
thoſe which come from the ſame Point of the Object, 
impreſs an Image on a great many of the Capillaments 
of the optic Nerves, upon which the Rays which come 
trom other Neighbouring Points impreſs their Image 
alſo, and this makes the Image of the Object wholly, 


confuſed. 


(1) Are refrafed afterwards) Are diſperſed again when they come at the 
bottom of the Eye. 


84 12. If 


— Y 
3 
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12. How it- 12, If the Eye be placed in M, the Object muſt ne- ] 
[hu won ceſlarily appear inverted ; for we ſee the left Side A by Re: 
Pear in- means of the Ray HM which is on the right Side of oug 


verted, and GM, by which we ſee the right Side of the Object. ver 


ehe. t muſt alſo neceſſarily appear confuſed ; as well becauſe | the 
the Rays which come from any Point, as A, cannot be the 
exactly collected together at all beyond the Glaſs, ſo that tre} 
the Eye cannot put it ſelf into any Figure which will re- cor 
unite all the Rays that come from H; as becauſe when Bu 
the Rays really come from H as ſrom one Point only, and 
they fall ſo diverging upon the Eye, that it cannot Ex 
lengthen it ſelf enough to reunite them upon the Retina. the 


The Firſt of theſe Two Reaſons ſhows us, that in this Ra 
Caſe it is impoſſible for the Eye to judge what Diſtance An 


the Object is at; and (1) that it ſeems in that Place in the 
which we before-hand imagine it to be. fan 
ISA 
13. If WII 
(1) That it ſeems in that Place.) forth Rays in the ſame Manner as if mo 
Here we meet with another Diffi- they came from the Point H; therefore fro 
culty, concerning the Place in which it jeems as if it ſhould affef the Eye in | 
the Image cught to appear, almoſt the ſame Manner as if it were in the Ey 
28 great as the former, which Mr. Point H. | Ra 
Decbales propoſes in this Manner, To this Difficulty, this famous Te 
Book II. Prop. 11. of his Dicptricks. Perſon anſwers, That the ody AB 
There is, ſays he, always a very great is indeed really ſeen by the Eye M thr 
Difficulty in explaining tbe Manner in the Place of its Image GYH but the 


Seo the Eye ſees the Place of the 


Object, but in this Caſe 
Tab. X. there 1s a very particular 
Difficuity, becauſe Reaſon 
and Experience do not ſeem to agree 


. together, nay, the Experience here is 


c ntrary to other E, feriments alſo, 
For it is evident from Experience, 
that the Objett AB is nit ſeen ig 
the Place of its Image, viz, in GY, 
zwhen the F ye 1s placed in M, for I 
bade tried Ibat a bundred '\lim:s, 
and turned the Glaſſes all Ways in 
e der to find if I could poſſibly make 
it ſuccred ſo. However, according to 
Reaſon, it ought without all Voubt to 
be jecn iu tae Place of the Image, viz, 
in GY: For when the Ot}. AB 
_ the Eye by tbe Rays of its 


mages it fhould ſcem ar if it ought 


j+ to el the Eye as , it were 


in GYil. For if the Point A, for 
Inflance, were in H, it would ſnd 
ferth Rays from IT to the Eye in M; 
and chough 1 be in its prip.r PL ce 
viz. in ths Paint 1, yt it ſends 


becauſe it can be feen only by one 
Eye at a Time, therefore by a mi- 
ſtaken Judgement, we imapine it to are 


be further from us. Thus far He. ſuc 
| have oftentimes ſo ordered the 
Glaſs, that the Object AB (which _ 
ought to be a Candle) may be ſeen on 
with both Eyes N and P at the mi 
ſame Time. If it be a very large 
Glaſs the Candle may very eaſily be WI 
ſeen with both Eyes at the ſame at 
Time. b 
Having therefore made exact Ob- 1 
ſervation of this Matter through ſuch of 
a Glaſs, I affirm, that the Body AB to 
is ſeen by the Eyes NP exactly in the 
Place of its Image GYH; 4 
For if the opt.cal Axes Tab. X. * 
be ſo ditected, as to meet 4 
in the Superficics of the Glas, the dee 


Candle wiil always be ſeen double, 
and in ſuch a Manner double, that 32. 
the right Hand Image is ſeen ty the 


left Eye, and ihe left Hand Image 47 
by the right Eye. Whence it is molt 2 


man feſt, that the Image is placed 
within 


— CF we. v 
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12. If the Eye be ſuppoſed in N, the Second of theſe 13- How 
Reaſons will not take Place, and therefore the Object 2, , | 
ought to be ſeen a little more d;/tin#, but always in- rid jar 
verted, for the Reaſon above-mentioned. And as to #/* confu- 
the Bigneſ of it, we judge of that by the Largeneſs of . 
the Angle made by the Rays which come from the Ex- 
tremities of the Object, at their Entrance into the Eye, 
compared with the Diſtance which we imagine it to be at. 
But it muſt not here be omitted, that the Spaces OP 
and QR, through which the Rays which come from each 
Extremity of the Object diffuſe themſelves, is ſo much 
the greater as it is further diſtant from V, where the 
Rays which come from every Point of the Object meet. 
And this makes the Space QP, where the Eye receives 
the Impreſſion of the two Extremities A and B at the 
ſame Time, to be ſo much the bigger alſo ; ſo that there 
is a large Space for the Eye to move about in, where it 
will always ſee the whole Object. | 
14. Hitherto we ſuppoſed the Object to be ſo far re- 14. Ha it 
moved from the convex Glaſs, that the Rays coming _——— 
from it might eaſily be reunited in the Bottom of the vn aiftins. 
Eye; let us now ſuppoſe it ſo near the Glaſs, that the 
Rays which come from any one Point of it, have no 
Tendency towards uniting together, after they are paſſed 
through it, but are only made much leſs diverging than 
they were before : Let us ſuppoſe alſo, the Eye to be at 
ſuch a Diſtance from the Claſs, that the Refractions which 
are made at the Entrance into each of the Humours be 
ſuch, as will cauſe the Rays which come from any fin- 
gle Point of the Object, to unite again in one Point up- 
on the Retina; in this Caſe it is evident, that the Viſion 
muſt be exceedingly diſtinct. For, beſides that the Rays 
which come from different Points of the Object, do not 
at all confound each other, the whole Image impreſſed 
by them is ſo large, that there is a ſufficient Number 
of Capillaments of the Optick Nerve, to cauſe the Soul 
to perceive a great many Particulars, which 'it would 


within the Place of Concourſe of the But in the former Ciſe, where 


optical Axes, that is, between the 
Glaſs and the Eye, viz. in GYH. 
See tbe Notes on Chap. xxxit. Art. 
31. But further, if the optical 
Axes be fo direc.ed as to meet on 
this Side the Glaſs , the Candle 
w.ll be ſeen fing'e, and manifeſtly 
on this Side the Glaſs. 


the optical Axes were directed to a 
Point further diſtant, becauſe the 
Image of a Candle does not termi- 
nate the Sight like a ſolid Bcdy, 
and becauſe we were beforehand 
prejudiced concerning the true Place 
of it, therefore it ſeems to be at a 
greater Diſtance, 


other- 
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15. Con- 
cerning Mi- 


cro pes. 


16. How a 


COnNcCaVE 


Glaſs re- 
frattr the 


Rays which Rays which it receives from any ſingle Point of an 


come from 


different 


Points of an fore they paſſed through the Glaſs. 


N 


Lib. XI. 
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otherwiſe have taken no Notice of, if the Image had been 
ſo ſmall, that the Rays which came from two adjoin- 
ing Points of the Object, had been forced to meet to- 
gether in two different Points of one and the ſame Ca- 
pillament. 

15. Upon this Foundation it is, that thoſe ſmall 
Glaſſes which we call Microſcapes are made. They con- 
ſiſt of (1) one Glaſs only, which is ſo convex, that if 
a Flea, or any other ſmall Object be placed at about 
an Inch Diſtance from the Eye, and the Glaſs be put 
between them, it will cauſe che Rays which come from 
any ſingle Point of ſuch a ſmall Object, and which di- 
verge very much, to diverge afterwards ſo little, that 
the ordinary Reſractions of the Humours of the Eye, 
will determine them to unite in one Point on the Retina. 
By this Means the Eye which without a Glaſs cannot 
ſee an Object diſtinctly which is nearer than a Foot 
Diſtance from it, may be made to ſee one which is 
twelve "Times nearer it. From whence it follows, that 
the Diameter of the Image which this Object impreſſes 
upon the Retina is twelve times larger, and conſequent- 
ly, that the whole Superficies is a Hundred and For- 
ty Four times as large, as it would be, if the Ob- 
jet were at a Foot Diſtance ; wherefore ſince it ex- 
tends it ſelf upon a Hundred and Forty Four times as 
many Capillaments of the Optick Nerve as it would 
otherwiſe do, the Object cannot but be ſeen very di- 
ſtinctly. 

16, Let us now examine a concave Glaſs, ſuch 25 
that in the Figure CDEFGH, the Property of which 
is, according to what was before ſaid, to make the 


Object, to become more diverging than they were be- 
Thus the Rays 
which come from the Point A, and fall upon that 
Part of the Glaſs marked VX, fpread themſelves after 
they are paſſed through it, from R to Z; and thoſe 
which come from the Point B, and fall upon the ſame 
Space VX, extend themſelves through the Space Y'T. 
Further, it is alſo the Property of a concave Glaſs, fo 
to incline the Rays, which come from two different 


Things have been found cut by the 
Help of theſe Microſcopes , may be 
teen in Mr, Hook" F Micrography, and 


in others. 
Point? 


(1) They confift of one Glaſs only) 
Therc are fome which conſiſt of:? 25 | 


veral Glaſſes, that are much more 
nice. What, and how ſurprizing 


2 
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Points of the Object, to each other; that when they 
meet together, they make a leſs Angle than they would 
do, if they had not paſſed through ſuch a Glaſs. For 
inſtance, the Ray MI, which comes from the Extremity 
of the Object A, and the Ray LI, which comes from 
the other Extremity B, make fo ſmall an Angle, v:z. 
MIL, that they ſeem to come from the Places marked - 
N, O. | 

17. Whence it follows, that if the Eye be placed in I, 17. How 
and look upon the Object AB, it will ſee it confuſedly - ge, 
Becauſe the Rays which come from every Point, are ſo wyuſed. 
diverging, that the Refractions of the Humours of the 
Eye cannot make them unite in ſo many Points upon 
the Retina. | 4 | 

18. However, there may be ſome Eyes ſo much _ — ie 
er and more gibbous than ordinary, as to reunite the ne Perſons 
Rays which they receive from any ſingle Point of a di- e very di- 
{tant Object, before they come to the Retina, ſo that — 
they can ſee only near Objects diſtinctly; They there- 
fore Who have fach Sort of Eyes as theſe, may make 
good uſe of a concave Glaſs to ſee diſtant Objects 
diſtinctly with; becauſe by this Means the Rays which 
come from any ſingle Point of the Object are made ſo 
diverging, that the large Refractions made by the Hu- 
mours of ſuch Eyes, do not reunite them before they 
come at the Retina. 4 

19. If an Eye of the ordinary Figure be placed at a 19. How it 
greater Diftance from the Glaſs, as at P, it will ſee ſame- _—_— 
what more diſtincih, becauſe the Rays which fall upon the $12þe 
the Pupil from any ſingle Point of the Object are leſs % and 
diverging than they were in I; and on the other Hand, — * 
an Eye too long or too gibbous will ſee it ſo much the 
more confuſedly as the Point P is further from the Glaſs, 
becauſe the Rays which come from any ſingle Point of 
the Object, being leſs diverging, the Refractions made in 
the Eye, determine them to meet before they come to 
the Retina. 

20. But whatſoever the Figure of our Eyes be, whe- 20. Ther ie 
ther they are fitted to ſee Objects that are near, or ſuch Oe - 4 
as are at a Diftance; whoever makes uſe of ſuch a „ Situa- 
Glaſs will fee the Object in its true Situation; for the tion. 
Rays which cauſe us to ſee the right Side of the Ob- 
jet, come to us from the right Side; and thoſe which 
cauſe us to ſee the left Side, come from the left Side. 


21. A4 
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21. Thatit 21. As to the Diftance, it makes that ſeem 4% than is a 

NS it really is, | becauſe when the Rays which come from fore 

(0 ws. any one Point, enter into the Humours of the Eye, (1) 

they diverge juſt as much as they would do, if they at | 

l did indeed come from a Point of an Object much 
*q nearer. fro! 
. 22. Dar i: 22. And as to the Brgneſs ; becauſe the Extremities ver 
\ makes it ap- of the Object are ſeen by Rays which make a leſs Angle wh 
N H. than they would make without a Glaſs, it follows, that gre 

it muſt appear much leſs. is 

23. Thetir 23. Becauſe the Rays which come from any Point of con 

makes it lcok the Object are made more diverging by paſſing through not 

_—_ a concave Glaſs, it follows, that fewer of them can en- cer\ 

ter into the Pupil, than if they had not paſſed through dur 

the Glaſs; however the Viſion ought not to be the leſs Ke 

clear upon this Account; becauſe this is made good by of 

the Image being impreſſed on a leſs Space of the Retina, the 

ſo that every Capillament of the Optic Nerve is ſuffici- n 

ently ſhaked to cauſe us, when we look through ſuch a the 

Glaſs, to ſee the Object as clear as when we look on it ſho 

without a Glaſs. by 

24. Tat i: 24. To what has been hitherto ſaid concerning the Fre. 

makes a concave Glaſs, we may add, that the Space RT, which tick 

A. contains the Rays that come from the two Extremi- pre: 


jet to be ties of the Object being very large, it follows, that be 
ſeen in. the Eye may fee the Object entire in any Part of this [tin 

large Space. * 
25. Comcern- 25. One of the beſt Inventions of our Age, is that of hin 
ing Tele- Teleſcopes. For by the Help of them we have not on- "<< 
fee. ly diſcovered ſome Particulars in the Stars, which were Poi 
not obſerved before, but they ſhow us alſo a Multitude 
of new Stars in the Heavens, which we cannot ſec aL 
without them, nor ſhould we ever have come to the n 
Knowledge of them otherwiſe. They were indeed firſt is f 
diſcovered by Chance; but the Invention appeared ſo wh 
ſurprizing, and ſo uſeful, that the greateſt Genius's have 
laboured hard to bring them to the higheſt Perfection 
poſſible, I cannot therefore forbear explaining the Na- It e 
ture of them in this Place; and the ſo doing will very 
much confirm all that has been hitherto ſaid about Vi- the 
ſion. They conſiſt commonly of two Glaſſes, fixed to 
each End of a Tube : That Glaſs which is at the End 
next the Object, and is for that Reaſon called the Ob- [fo 
jet Glaſs, is a little convex, and the other Glaſs which I *: to 

Is 
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it does not hinder the Rays which come from different 
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is at the End of the Tube next the Eye, and is there- 

fore called the Hye-Glaß, is on the other Hand, very 

(1) concave, that is, much thinner in the Middle, than 

at the extreme Parts. 

26. The Object-Glaſs cauſes all the Rays which come 26. The 
from every ſingle Point of the Object, to unite together Sa, + 
very nearly in as many different Points, on a Superficies Caf. l 
which we are to ſuppoſe on this Side the Glaſs; at a 
greater or leſs Diſtance from it, according as the Glaſs 
is more or leſs convex; now becauſe the Rays which 
come from different Points of the Objects, croſs one a- 
nother as they paſs through the Glaſs, it is eaſy to con- 
ceive, that they paint ſuch a Sort of an Image upon this 
Superficies, as we have before ſhown they do upon the 
Retina, and that it is ſo much the larger, as the reuniting 
of the Rays cauſes it to be at a greater Diſtance from 
the Glaſs: If therefore the Bottom of the Eye were put 
in the Place of this Superficies, and it were poſſible for 
the Humours of it not to make any Refractions; we 
ſhould have a very large Image impreſſed on the Retina, 
by Means of this ſingle Glaſs, and it would fall upon ſo 
great a Number of the ſmall Capillaments of the Op- 
tick Nerve, which would receive diſtinctly, the Im- 
preſſion of every {ſmall Part of the Object, that it would 
be impoſſible but that the Viſion muſt be very di- 
ſtinct. 

27. But becauſe the Humours of the Eye cannot be 27. 73, 
hindred from cauſing the uſual Refractions, they muſt Proper'y of 
neceſſarily ſo refract the Rays which come from every Gul” 
Point of the Object, and which had before a Tendency 
to unite together, that they will unite before they come 
at the Retina, and then ſeparating again, will impreſs a 
confuſed Image upon that Tunick. Now the Eye-Glaſs 
is ſo fitly placed between the Objed2-Glafs and the Place 
where it would make the Rays meet ; that it cauſes thoſe 
which come from any Point of the Object converging, 
to become parallel, or rather a little diverging ; but yet 


Points, from being as much diſperſed as they were when 7 
they croſſed each other in paſſing through the Object- 
Glaſs. And thus the Refractions neceſſarily made by the 


1) Concave) There are allo Te- which, ſee Regis Phy/ickr, Boot 
leſcopes conſiſting of two, three, VIII. Part. II. Chop. xxxirx, xl, 
or tour conyex Glafſes ; Concerning Ali. 
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28. Why 
theſe Glaſſer, 
tbe longer 
they are, 
make the 
Sigbt ſo 
much tbe 
more ob ſcure. 
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Humours of the Eye, inſtead of being injurious, as they 
were without this Glaſs, become very uſeful with it; 
for they unite thoſe Rays which this Eye-Glaſs diſperſed ; 
and by this Means the Image which the Object impreſ- 
ſes on the Retina becomes perfectly diſtinct, and at the 


ſame Time very large. 


Part I. 


Whence it follows, that the 


Object is ſeen diſtinctly and (1) ſo much the bigger as the 
Rays which come from any one of theſe Points, are 
leſs diverging, and make us think it at a greater Di- 


Ce, 


28. The beſt Curvature that can be of the Superh- 
cies of Glaſſes for Teleſcopes, is, (2) that of an Hyper- 
bola, or any ſuch like Figure, and not the Curvature of 
a Sphere. But Workmen have not yet been able to make 


(1) So much the bigger as the 
Rays which come from any one of 
theſe Points are leſs diverging, and 
make us think it at a preater Di- 
ſtance ) 

That is, by how much the Rays 
of every Pencil being leſs diſperſed, 
make it appear further oft. For 
the further the Object ſeems to be 
from us, the more do we neceſſari - 
ly imagine the Pencils of Rays, 
which croſs one another as they pats 
through the Object Glaſs, to d:vari- 
cate, that is, the Object ſeems ſo 
much the bigger. 

(2) That of an Hyperbola, or any 
ſuch like Figure, 8c.) Cartes took a 
great deal of Pains about theſe ſort 
of Figures, and abut the manner 
of poliſhing Glafes, but with no 
great Succeſs. For it is evident, 
that Spherical Giaffzs, as they can 
be more eaſily and more accurate 
made, than Elliptical or Hypetbol:- 
cal ones; fo ate they to be prefer- 
red before ſuch upon this Account, 
becauſe they do more exactly re- 
frat the Pencils of Rays which are 
out of the Axis of the Glafs. And 
indeed, it is not to be aſcr bed to 
the Unfitneſs of the Figures of the 
Glaſſes, but to quite other Cauſes, 
that Teleſcopes cannot be made ab- 
ic lutely perfect nd compleat. The 
=o Princi al of which Cauſes are 
theſe. 


their 


Fir, The unequal Refraction of 
the Rays themſelves; ( See the 
Notes on Chap. xxvii- Art. 52.) by 
which means neither the Fye-Glajz 
( which is Convex) can be made of 
Spheres ſmall enough to magnify 
the Object; nor the Obje-Glofps of 
a ſu ficient Aperture, to render the 
Obje& bright and diftind, but e- 
very Thing will immed ately be 
tinged with Colours, and confound- 
ed by the unequal Refiaction of the 
Rays. For the eminent Sir 37 
Newton has ſhown, that the Dif- 
f-rence between the Refrection of 
the leafr and moſt refrangible Reys, 
is about the Twenty feventh Part 
of the whole Refraciion of the mean 
refrangible Rays ; and that che Fo- 
cus of the moſt refrangible Rays is 
nearer to the Otzeft-Glaſs than the 
Focus of the leaſt refraugible ones 
by about a Twenty ſeventh Part 
and a Half of the whole Diſtance 
between the 04j-#-Glaſs, and the 
Focus of the mean refrangible Rays. 
(Opt. p. 74) And therefae the 
greateſt Ertours wh ch ariſe from 
the ſpherical Figure if the Gian, 
are very much le(s than the Errours 
which ariſe from the unequal Re- 

traction of the Rays themſclves ; 
nay, in ſome Caſes, the Proportion 
is as great between them, as 1200 
tv 1 ( pag. 89. From whence it 
abundantly appears , that not te 
ſpt erica 
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their Glafſes of any other Curvature but that of a 
Sphere, of which they take ſo ſmall a Part, that it does 
not ſenſibly differ from an Hyperbola. But then there 
is this Inconvenience attends it, that there does not fall 
ſo many Rays upon it from any one Point of the Ob- 
ject, as there would do if the Glaſs were larger; and 
conſequently all the Rays which come from the whole 
Object, and which ſpread themſelves upon a large Por- 
tion of the Retina, ſhake but a very few of the Capilla- 
ments of the Optick Nerve; and this is the Reaſon why 
we ſee Things more obſcurely, than when we do not 


uſe ſuch a Glaſs ; and the longer ſuch Glaſs is, and the 


fewer the Rays are which come upon the Pupil from 
any Point of the Object, ſo much the weaker and more 


obſcure muſt that Object appear. 


ſpherical Figure of the Glaſſer, but 
the difterent Refrangibility of the 
Rays themiſelves, is the Cauſe why 
Teleſcopes have not hitherto been 
made abſolutely perfect and com- 
pleat, and that there can be no Re- 
medy for this Inconvenience by any 
way figuring or poliſhing refracting 
Glaſſes; this excellent Perſon, at 
length invented, and agreeable to 
Experiments, propoſed the manner 
of making a Teleſcope which ſhould 
cauſe the Object to be ſeen by Re- 
flexicn : Concerning the Conſtruc- 
tion and Uſe of which Inſtrument, 
See Optic. pag. 95. 

Secondly, If the Theory of ma- 
king Tel. ſcopes could at leng b be 
fully brought into Practice, yet there 
would be certain Bounds,” beyond 
which Teleſcopes could not per ſ orm. 
For the Air threugh which vue look 
upon the Stars, it in a perpetual 
Tremor ; as may be ſeen by the tre. 
mulous Motion of Shadow: caft from 
bigh Toxwers, and by the twinkling 
of the fixed Stars. But theſe Stars 
do not txvinkle when viewed through 


Teleſcopes wbich bave larger A- 


which paſs through Parti 
of the Aperture, tremble each of them 
opart, and by means of their vari- 
ous and ſometimes contrary Tremors, 
fall at one and the ſame Time upot 
. A Points in the Bottorn of the 

ye, and their trembiilg Motions 
are too quick and confuſed to be per- 
ceived ſeveralſy. And all theſe il- 
luminated Points conflitute one broad 
lucid Point, compoſed of thoſe many 
trembling Points confuſedly and in- 
Jenfibly mixed wwith one another by 
very ort and ſwift Tremors, and 
thereby cauſe the Star to appear 
broader than it is, and without any 
Trembl.ng of the While. Long le- 
leſcerpes may cauſe Objefti to appear 
brighter and larger than ſport ones 
can do, but they cannot be jo formed 
as to take away that Confuſion of the 
Rays which ariſes from the Tremors 
of the Atmeſpbere, The only Reme- 
dy is a moſh ſerene and quiet Air, 
ſack as may perbaps be found on the 
ops of the bigbeſt Mountains above 
the greſſer Clouds, Newt» Opticks, 
p. 98. 


pertures. For the aq 1 Ligbt 
er ſe 
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1. Of the 
different 
Serts of 
Looking - 
Glaſſes, 


2. Tbe com- 
mon Proper 
ty of all 
Sorts of 
Lock ng- 
Glaſſes. 


ROHAULT' SySTEM Part I. 


C HAP. XXXIV. 
Of Looking-Glaſſes. 


B ESIDES plain Looking-Glaſſes, which are every 
where uſed, there are two other Sorts, ig. Convex 
and Concave ones, not to mention thoſe which are com- 
pounded of theſe three Sorts, which are capable of being 
infinitely diverſify'd. 

2. Each Sort of Looking-Glaſſes has indeed its par- 
ticular Property or Manner of repreſenting the Object; 
but in this they all agree, that they fo reflect the Rays 
of Light, that the Angle of Incidence is equal to the An- 
ole of Reflexion, and that the reflected Ray is not in the 
leaſt turned aſide, either to the right Hand or to the Left; 
that is to ſay, (1) the incident and reflected Rays are al- 
ways in the fame Plane which is perpendicular to the 
Superficies of the Glaſs ; whence it follows, that though 
the viſible Object ſends forth from every Point a Multi- 
tude of Rays which are reflected by the whole Superh- 
cies of the Glaſs, yet a determinate Number of them 
only can come to the Eye when it is fixed in a certain 


Place. 


(1) The incident end reflected 
Rays are a/ways in the ſame Plane 
which 15 perpendicular to the Super- 
Aces of the Glaſs) This Property 
wonderfully perplexed the famons 
Dr. Barrow ; you will not eaſily jn 
any good and clear Account of thes 
Matter amongſt the Writers of Op- 
ticks ; almoſt every Thing that they 
all:dge with relation to it, is either 
begging the firſt Principle, or el ſe la- 
bours under ſome incomprebenſ bie Ob- 
ſeurity ; nor do I much wonder that 
this ſhould be the Caſe of thoſe obo al- 
ways con ſi der a Ray of Light as one 
continued ftreight Line; which if 
granted, I can ſcarce believe it poſ- 
file to affign any goed Reaſon for tbit 
Thing. I therefore think that a Ray 
of Light is nit a mere Line, but a 
Body endued with all the Dimenſions ; 
ſo that it may be cylindrical or priſ- 
matica/, &c, Lea, I. Sc 11, But 


there do not ſeem to be any neceſſity 
of recur ing to the Figure of the 
Rays; it is all one whe- 

ther they be cylindrical Tab. II. 
or priſmatical, whether Fig. 6. 
they be ſolid Bodies or 

indiviſible Lines. For let GBL be the 
Superficies ot the Earth ( which | 
ſuppoſe to be plain and ſmooth ) A 
the North, I the South, AB a Ray 
of Light. Now it is evident, that 
this Ray of Light is carried with a 
double Determination, the one AG 
downwards to the Earth, the other 
AH directly to the South ; the fiſt 
Determination is refiſted by the Su- 
perficies of the Earth, the other i- 
not; the Ray therefore ought to 25 
on directly to the South with this 
Determination, that is, in a Plane 
perpendicular to the Superficies of the 
Earth; nor can it turn towards the 
Faſt in an obVique Plane, 


4.7089 
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3. This being ſuppoſed, let AB be a plain Looking- 55 __ 
Glaſs, by Means of which the Eye'C ſees the Object 1 G 
DE; having drawn from any Point at Pleaſure, ſup- mater any 
poſe D, the Line DIL perpendicular to the Superficies of 2 5 — 
the Glaſs, we ſhall ſhow that this Point D ought to be 3 . 
ſeen in the Point L of this Perpendicular, ſo that the Tab. VII. 
Diſtance IL, which we imagine it to be at behind the is. 3. 
Glaſs, ſhall be equal to the Line D; (1) for it is eaſy 
to demonſtrate, that the Rays DF, DG, which the 
Point D affect the Senſe, are fo reflected in the Lines 
FC, GH, that they enter into the Pupil CH, as if 
they really came from the Point L: ſo that this diverging 
of the Rays cauſes the Eye to put it ſelf into ſuch a 
Shape, as gives occaſion to the Soul to imagine that it 
ſees the Object really in the Point L. 

4. And as the Point D was taken at pleaſure, what 4. That che 
has been ſaid concerning that, ought equally to be un- 5 — 4 
derftood of all other Points of the Object; and therefore appear as 
it is evident, that when we look upon an Object in 9 
plain Looking-Glaſs, the whole Image caught to appear — 
as far behind the Glaſs, as the Object is placed before it is placed 
it, on this St, 

5. It is further evident, that this Object ought alſo to 1 3 pe 
appear of the ſame Bigneſs, as if it were really placed in Plais Look- 
LM : For the Space which the Image ſeems to take up, "WO 
is comprehended between two parallel Lines which are at ae be 05- 


the ſame diſtance from each other as the Extremities of 1-# «ppear 


the Object are. | | $row ip 
6. Laſtly, This Object ought ſo to appear in the Look- 6. Iba ie 
ing-Glaſs, that the upper Part ſhould be ſeen above, and g to ap- 
the right Side on the right Side, and fo of the reſt. 2% 20. 
Thus the Part D,- which is higher than E being ſeen by rien. 
the Rays of Incidence DF, DG, and by the reflected Tab. VII. 
Rays FC, GH, which ſeem to come from the Points 
L; and the lower Part E being ſeen by the Rays of In- 


cidence EN, EO, and by the reflected Rays NC, OH; 


(1) For it is eaſy to damonſirate, 
&c.) For the Angle DFI == to the 
Angle CFB; and the 
Angle CFB = to the 
Angle IFL, therefore 
the Angle DFI = to 
tae Angle IFL ; and the Angles at 1 


Tab. VII. 
Fig. 3 


Ves . 


are right. and the Side IF common. 
Theretore the Triangles DFI and 
IFL are ſimilar and equal. In like 
manner the Triangles DGI and 
IGL are fimilar and equal; There - 
fore the Triangles DGF and FGL 
are ſimilar and equal. Q E. D. 


T which 
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which ſeem to come from the Point M ; we refer the 
Senſation which we have of the Point D to the Place L, 
and that which we have of the Point E to the Place M, 
which is lower than L. 
7. Thatii 7. What has been ſaid concerning one Eye, ought 
83 equally to be underſtood of the other. And indeed if 
z ber wwe hot we ſuppoſe the Spectator principally attentive to look 
pen the upon the Point L, it will eaſily appear, that his two Op- 
_ tical Axes, will be ſo inclined to each other, that they 
withbob, will ſeem to meet in the Point L. Whence it follows, 
that the Rays which come from every Point of the Ob- 
ject to enter into one of the Eyes, ſeem to come from 
the ſame Points beyond the Glaſs, from whence the Rays 
ſeem to come which cauſe every Point of the Object to 
be ſeen by the other Eye. | 
8. That a 8. As to a convex Looking-Glaſs, ſuch as that in the 
convex Lol Figure repreſented by ABC, by Means of which the Eye 
= D ſees the Object EF, (1) it is eaſy to apprehend, that it 
make the ſo reflects the Rays which fall upon it from any Point of 
Oject ap- the Object, ſuch as EB, EG, that the reflected Rays 
4% Diflance BD, GH diverge juſt as much as if they really came 
bebind ebe from the Point I, which is at a much leſs Diſtance be- 
Glaſs, than hind the Glaſs than the Object is before it: And this is 


it 25 on this 


Side; the Reaſon why we ſee the Image much nearer than when 

Tab. IX. we look upon a plain Looking-Glaſs. 

— COR * Further, the Point L from whence the Rays MD, 
” a 


eg be to op. NH, ſeem to come, by which we ſee the Point F, (2) is 

pear ſmaller. ſo near the Point I, that IL appears much leſs than EF, 
that is, a convex Looking-Glaſs makes the Object ap- 
pear much leſs than it really is. 

10. That iz TO. But though in his a convex and plain Looking- 

ought to p- Glaſs differ from each other, yet they agree in another 


pear in its Particular, viz. that they both make the Object to be 
true Situa- - 


gien. 


ſeen in its true Situation, as appears from hence, that 


(1) Te is eaſy to apprebend, 
&c.) This may eafily be demon- 
ſtrated, it we draw a 
Tab, IX. ſtreight Line BC repre- 
Fig. 1. ſenting a plain Look-- 
ing Glaſs, and compare 
it (as to the Situation) with the 
Tangents cf the Points B ard G. 
(2) I. jo near the Point I,) There 
are two Reaſons of this. Firſt, Be- 
cauſe the Image in this Glaſs, by 


reaſon the Rays of every Pencil 
are more diſperſed, is not fo far 
diſtant from the Vertex of the An- 
gle of Vifion as in a plain Looking- 
Glaſs. Secondly, Becauſe this An- 
gle of Vifion is therefore leſs, be- 
cauſe the Portion of the Glaſs upon 
which the Rays that are reflected 
to the Eve, fall, is leſs than in a 
plain Looking-Glaſs, 


n 


the 


LXX 


zon 
ted 
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the Rays EBD, EGH, by which the Eye ſees the 
Point E are higher than the Rays FMD, FNH, by 
which it ſees the Point F, which is the lower Part 
of it. | 

11. As to Viſion made in looking upon a concave |" "Ow an 
Looking-Glaſs, it may be diverſify'd ſeveral Ways ac- L»king- 
cording as the Eye and the Object are in different Po- — "gg 
fitions. Let us ſuppoſe a concave ſpherical Looking- — 5 
Glaſs, whoſe Center is about the Point T ; and let us greater di- 
imagine in” the firſt Place, that by Means thereof the farce bebind 
Eye D ſees the Object EF which is pretty near the ;, — 
Superficies of it. This being ſuppoſed, the Rays EB, Tab. Ix. 
EG which come from the Point E, are ſo reflected to Fis* 2. 
the Pupil, that BD, GK diverge but very little, and 
ſeem to come from the Point H, which is at a much 
greater diſtance beyond the Glaſs, than the Object is on 
this Side of it. (1) And this makes us refer the Image 
of it to a greater diſtance than if we look on a plain 
Looking-Glaſs, and to a ſtill greater than when we look 
on a convex Looking-Glaſs, 

12. As to the Rays which come from different Points 12. How ie 
of the Object, they are in this Caſe ſo reflected, that „ — L 
thoſe which affect the Senſe from the upper Part of the appear in the 
Object, are higher than thoſe which affect the Senſe J _— 
from the lower Part of it ; thus the Rays BD, GK, 3 
which cauſe the Senſation of the Point E, are higher than hn the 
the Rays ID, LK, which cauſe the Senſation of the 2 
Point F; and theſe Rays ID, LK, ſeeming when they Fig. OTE” 
enter into the Pupil as if they came from the Point M, 
are the Cauſe of ſeeing the Point F as if it were in M. 

And becauſe HM is much bigger than EF, it follows 
that the Object ought not only to appear in its true Situa- 
tion, but alſo much bigger than it really is. 5 

13. The Rays EN, FO, as they go towards the Glaſs 3. Fw t 
divide more and more from each other; wherefore if 2% age 
they be continued backwards, they muſt meet together appear in- 
ſomewhere in the Point P, and afterwards dividing a- _— 
gain, that which was uppermoſt will be lowermoſt, and de 
that which was lowermoſt will be uppermoſt ; whence 


we cannot but conclude, that if an Object be in QR, 


(1) And this makes us refer the concave Looking-Glais here is the 
nage, Kc.) See the Notes on Chap. ſame as that of the convex Glaſs 
IXXiii. Art. 7. for the Caſe of the there. 


r Ta it 


14. How it 
may be that 
the Pupil 

only can be 


ſeen. 


15. Hom the 
Object may 


appear ver * 
darge, 


Tab IX, 
Fig. 2. 


16. Heeww it 
may appear 
abſlutely 
confuſed. 


ROHAULTs SYSTEM Part 1, 


it muſt appear zzverted ; but becauſe the Rays which 
ought to affect the Senſe from any ſingle Point of it, 
fall in ſuch a manner upon the Superficies of the Glaſs 
that as they are reflected to the Eye, they croſs one ano- 
ther in ſeveral Places between the Glaſs and the Eye; 
and fo cannot be reunited in one Point upon the Retina, 
therefore the Viſion muſt be very confuſed. 

14. If the Eye be placed exactly in the Center of a 
concave Looking-Glaſs, it can fee nothing but the Pu- 
pil ; for thoſe Rays only which fall perpendicularly on 
the ſpherical Superficies, are reflected to the Center; 
and thoſe Rays only which come from the Center fall 
perpendicularly upon the Superficies; wherefore the Rays 
which go from the Pupil and fall upon the whole Super- 
ficies of the Glaſs, return from thence to the Eye 
again, which muſt therefore ſee the Pupil ſpread all over 
the Glaſs. 

15. If the Object EF continues in its Place, and the 
Eye be moved to X, between the Rays BD, GK, pro- 
longed ; it is evident, that it will ſtill fee the Point E 
by means of ſome of thoſe Rays which it faw it by be- 
fore ; but it will not fee the Point F, by Means of the 
Rays ID, LK, which came to it from the Part IL of 
the Looking-Glafs ; inſtead of which, thoſe which fall 
from F upon Y, and go from thence to X, will make 
the Point F to be ſeen, and conſequently it will ſeem 
to be ſomewhere in Z, and ſo the Object will appear as 
large as HZ. 

16. If the Eye continues in D, and the Object EF be 
removed backward to P, the Rays which come from 
every Point of it, and fall upon any part of the Glaſs as 
BG, will be leſs diverging than they were before. Where- 
fore after Reflexion they will become converging, and 
more diſpoſed to unite when they enter into the Eye, 
than they ordinarily are, and ſo muſt really unite before 
they come at the Retina, which will make the Viſion 
confuſed. But it will be ſtill more confuſed if the Eye be 
in that Place where the Rays which come from every 
Point of the Object meet together again; for theſe Rays 
at their Entrance into the Eye will begin to be (1) ſe— 


but merely by receding from the 


(1) Separated by Refraction) They 
Point where they croſs each other, 


are feparared, not by Re'raction , 


parated 


placed 
diſtan 
ought 
bec2 ut 


arc re 
other, 
fore t 
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parated by Refraction, and will be ſeparated more and 
more by the Humours of it, 

17. If the Object remain in P, and the Eye be re- 77: Aube 
moved a little from the Place where the Rays which 222 
come from every Point of the Object reunite, the ing confuſed, 
Rays when they enter into the Pupil, will diverge too 
much; wherefore becauſe the Eye cannot lengthen 
it ſelf enough , the Object will appear confuſed here 
alſo, 

18. But if the Eye be moved fo far backward from . H 78. 
that Place where the Rays reunite, that the Rays which 04je& may 
enter into it, be not too much diverging, the Viſion 2 
ought then to be d:/tinf; and what is here very re- 3 
markable, and the moſt ſurprizing Effect of a concave c:ncave 
Looking-Glaſs, is this; that becauſe we are accuſtomed — 
to refer our Senſation to the Place from whence the J. 
Rays which affect the Eye from every Point of the 
Object ſeem to come, therefore the Image muſt appear 
between the Glaſs and the Eye ; 10 that if a drawn Sword 
be preſented before the Glaſs, we ſhall! fee the Blade 
come out from the Glaſs, and grow longer and longer 
as we approach nearer to it; becauſe the Rays which 
come from every Point of the Object, the nearer it 
is, are the leſs inclined to each other after Reflexion, 
and therefore meet together at ſo much the greater Di- 


a 
ſtance. (1) 
19. It 


1) The Phænomena of a concave upon the GC! , they 
Lo king Glaſs, may be very pro- muſt neceſſarily be ail Tab. IX. 
perly reduced to five Caſes. reflected to the Center Fig. 2. 
Firſt, Let the Arrow or the Can it ſelf; therefore where- 
de EF be near the G! fi, Now ever the Eye is p =ced, out of the 


bec uſe the Pencils 
Tab. IX, EBGKD, FILKD do 
F g. 2. not cruſs each other, 
whereſcever the Eye be 
placed, whether it be near or at a 
diſtance 3 th :refore the Image HM 
ought always to appzar cre.t. And 
becauſe the Rays of thoſe Pence ls 
are reflected, nct converging to each 
other, but only I {x divergirg, there- 
tore the Canale ought to appear to 
* a certain Diſtance beyond che 
Glaſs, 
Secondly, Let the Candle be in 
the wery Center T. hen becauſe 
is the Rays fall perpendicularly 


Center or any of the Lines tending 
to the Center, it is ev dent, that it 
cannot {e the Candle at all in the 
Gla >. 

Tai dly, Let the Eye be in the 
Centcy T. Then becauſe no Rays 
but thoſe which fall perpeadicular- 
ly are reflected to the Cerrer ; 
therefore the Eye can ſce nothing but 
i's own Image ſpread all over the 
Gtats. 

Fourthly, Let the Candle R be 
further diſtant from tbe Glaſs, and 
the Eye KD further diftant 40%. 
Then becauſe the Pencils QO, RN, 
croſs each other, it is ey.dent, that 
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19. It may be obſerved here, that they have been 
very much miſtaken, who have affirmed, that viſible 
Objects paint their Images upon the Superfictes of Looking- 
Glaſſes; for every thing there is fo confuſed, that there 
is no one Part of the Glaſs but receives Rays from all 
Parts of the Object at the ſame Time; and indeed it is 
certain that all Objects which we ſee by the Help of a 
Looking-Glaſs, do not impreſs their Image any where 
elſe but on the Bottom of the Eye, unleſs when we fee 
them by Means of a concave Looking-Glaſs, under the 
Circumſtances mentioned in the foregoing Articles ; and 
in that Caſe it is certain, that the Image impreſſed by 


the Image of the Candle ought to 
appear inverted to the 
Eye KD. And beczuſe 
the Rays of evecy Pen- 
cil are reflected con- 
verging, and after meeting ſome- 
where in a Focus, go from thence 
diverging to the Eye; therefore the 
Image will not appear beyond the 
Glaſs, but on this Side of it, in 
that Focus. So likewiſo, in another 
Figure , becauſe the Pencils GD, 
BC croſs each cther, 
it is evident, thit the 
Image of the Cendle 
GB ought to appear 
Inverted to the Eye in Q and alſo 
on this Side the Glaſs, and not be- 
yond it; becauſe the Rays of every 
Pencil croſs one another in a Focus, 
as was before explained. But why 
in this Caſc we ſhould not imagine it 
to be very near, (unleſs we look 
wery intently upon it ) when it is 
really very near. See the Notes on 
Chap. xxxiii. Art, 12. for the Caſe 
is the ſame here as in the Perſpec- 
tive Glaſs there. 

Fifthly, Let the Candle GB be at 
ſome Diſtance from the Glaſs, and 
ihe Eye M very near it, Then 
becauſe the Candle 
GB is ſeen by other 
Pencils GHM, BCM 
which do not croſs 
each other ; it is manifeſt, that the 
Image of GB ought to appear erect 
again, but more confuled-. 

But in this Caſe it is particularly 
to be obſerved, that the Eye M hath 
no way to judge either in what 
Pace, or at what Diſtance behind 


Tab. 1X. 
Fig. 2. 


Tab. XVII. 
Fig. 3» 


Tab. XVII. 
Fig. 3» 


the Glaſs the Image of 
the Candle ought to ap- Tab. XVII. 
pear; for ſince the Fig. 5 
Riys of every Pencil 
converge towards each other, that is, 
do not come from any given Point, 
but as it were from an infinite Di- 
ſtance, to enter into the Eye; and 
ſince thoſe reflected Rays BM, SM 
do not meet with their reſpective 
Perpendiculars of Incidence DT,FL, 
( from which meeting the Place ef 
the Image is always determined ) 
there remains nothing to judge of 
the Diſtance of the Image by but 
mere Prejudice» 
It was very ill 
therefore in * Tac- 
guet, after he had fo 
well demonſtrated 
under this Head; that tbe reflected 
Image in any Locking-Glaſs 18 al- 
ways ſeen in the Place where the re- 
fleted Rayi meet with their Cathetus 
of Incidence, (the Catbetus of Ixci- 
dence is a Line drawn from any Point 
in the Odject perpendicular to the 
Glaſs) to except this laſt Caſe as con- 
tradicting this Axiom; whereas it 
is no ways contradictory to it. For 
when the Eye is in ſuch a Poſition, 
as to receive the reflected Rays be- 
fore they meet with their Catheti of 
Incidence, the Image cannot be ſeen 
where they meet, becauſe they don't 
meet any Where; neither is it ſeen 
in any other cert>in Place; but it 
affects the Eye as it it came from an 
infinite Diſtance z, in the ſame Man- 
ner as when the Rays come ccnverg- 
ing ont of a Perſpective Glaſs. See 
the Neater en Chap, xxxlii. Art. 7+ 


the 


* Catopricks 
Book III. 
Prop. 30. 
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the Object, is not upon the Superficies of the Glaſs, 
but in the Air, in the Place where we imagine we ſee 
the Object, and where the Rays which come from every 
Part of it, are united after Reflexion (1). 


(1) Beſides ſuch Looking-Glafſes 
where we look upon one Superficies 
only, we may alſo conſider Perſpec- 
tive Glaſſes, or certain clear Glaſſes, 
as Lookiog-Glaſſes conſiſting of two 
Superficies ; according to the Variety 
of which, there is alſo a wonderful 
Variety of reflected Images. For 
not only the firſt Superficies which 
receives the iacident Rays out of 
Air, but alſo the ſecond Superficies 
which receives the Rays going out 
of Glaſs into Air, exhibits a reflec- 
ted Image, as may be ſeen by placing 
a Cardle before ſuch a Glaſs. 

Firſt then, let a Candle be placed 
before a Glaſs which is plain on 
both Sides; then the Images reflec- 
ted by each Superficies, will both be 
ſeen ere and exactiy like each o- 
ther, excepting only, that That 
which is reflected by the farther Su- 
perficies will ſeem 3 lit le more ob- 
ſcure, becauſe a great many of the 
Rays have already been reflected by 
the firſt Superficies- 

Secondly, Let the Glaſs be plain 
on the one Side, and convex on the 
other ; then if the Candle be placed 
before the convex Superficies, the I- 
mage will be reflected erect by each 
Superficies ( unleſs the Glass be of 
ſuch a Thickneſs, and the Fore fide 
of it ſo convex, that the Rays in 
paſſing through it are made converg- 
ing, and after having been reflected 
by the plain Superficies, and paſſing 
a ſecond Time through the convex 
Side, meet in a Focus before they 
come to the Eye ; in which Caſe 

the Image from the latter plain Su- 
perficies will be ſeen inverted) but 
that which is from the firſt and 
convex Superficies, will appear leſs. 


T4 


Put if the Candle be placed before 
the plain Superficies, then the Image 
reflected from the firſt Superficies 
will be ere& again, and that from 
the further Superficies, which is 
concave within, will be reflected in- 
verted, and will alſo ſeem to be 
much nearer to the Eye, than that 
from the firſt and plain Supeꝛrfi - 
cies. 

Thirdly, Let the Glaſs be plain on 
one Side, and concave on the other. 
Then if the Candle be placed before 
the concave Superficies, the Image 
reflected from the firſt Superficies 
will be inverted, and that from the 
further one, erect. But if the 
Candle be placed before the plain 
Supe: facies, the Images reflected from 
each Superficies will be erect, but 
that from the turther one, which is 
convex within, will appear leſs. 

Fourthly, Let the Glaſs be con- 
cave cn one Side, and convex on 
the other, The: if the Candle be 
placed before the concave Superfi- 
cies, the Images by each Superfi- * 
cies, Will be inverted ; but if before 
the convex Side, they will be both 
erect. 

Fifthly, Let the Glaſs be convex 
on both Sides. Thea the Image cf 
the Candle placed before it, will 
always be reflected etect by the firſt 
Supetficies; and always 1 dy 
the other Superficies, wh:cH con- 
cave within. 

Laſtiy, Let the Glaſs be concave 
on both Sides. Then the Image of 
the Candle placed before it, will al- 
ways be reflected by the firſt Su- 
perficies inverted, and always erect 
by the latter which is conves 
within, 
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0 ROHAULT's SvsTEM Part J. C! 


CHAP. . wi 


A Solution of ſome Problems concerning Viſion, pre 


x. Of the f J have been very large upon this Sub- of 
Ray: which ject of Viſion, yet I doubt not but that I have by 


wards Tir 


e paſſed over a great many curious Queſtions, the Solu- K. 

and down- tion of which may perhaps be ſomewhat difficult to C) 

pa ge thoſe who are not well acquainted with our manner of * 
Explication. That this Treatiſe therefore may be as * 

little defective as poſſible, and to ſhow the Uſefulneſs _ 

of it, I ſhall here propoſe ſome of theſe Sort of Que- CE 

ries; and leave the Excellency, at leaſt the Truth of oy 

our Hypotheſis to be judged of, by ſeeing how eaſy it 55 

is to reſolve them. And Firſt, I ask; hence is it, 0 

that when we look. upon a lighted Candle at a little Di- * 

ance with our Eyes winking, there ſeem to come Rays of ther 

Light from the Flame of the Candle, and dart upwards lids 

aud downwards into the Air? And whence is it alſo "Bt 

that if an opate Body be put between the Eye and the apc 

Place where we ſee the uppermoſt Rays, we till continue Gl 

to fee them; and on the contrary, ceafe to ſee the Iowermoſt * 

ab. 1x, Rays © In order to underſtand the Reaſon of theſe Phæ- the 
Fig. 32 nomena, let us conſider the Eye A, the Eye-lids of 

which H, I, are fo near each other, that there is only 4 

a very narrow Paſſage left, through which the Rays Fs 
which come from the Candle BCD paſs to impreſs its Im 
Image on the Part of the Retina EFG in the Manner nd 
above explained : Further, it is to be obſerved, that Ih 

the Parts H and I ( which are uſed to touch one ano- 
ther when the Eye is cloſe ſhut,) are ſo ſmooth, that 505 
they reſemble (i) two {mall convex Looking-Glaſſes, . 
which reflect the Rays of Light falling upon them, to- 4 
Bod 
: fr) Two ſmall convex Locking- are refraQed by the Humcur which pere 
1 (-afſes) The Rays in this Caſe, aie ſticks to the cut-fide of them; in dy 
I not reflected by the inward Super- explaining all the reſt ct this Ph terr 
L tictes of the Fy:-iids themieives, im nemenon, the Reaon is the lame. 

4 the maanc: o Logking-Gafics, but ver) 
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wards the Retina, to the Parts of it EK, FL, which 
otherwiſe would not have been affected but by Objects 
which are about BM and CN. Wherefore the Impreſ- 
ſion made upon EK cauſe the Appearance of bright 
Rays, which we refer to the Place BM, and the Im- 
preſſion made on GL cauſe the Appearance of the 
Rays which we imagine to be in CN. But that which 
is moſt worthy of Obſervation here, is, that the Part 
of the Flame B, which illuminates the lower Eye-lid I 
by Rays which are reflected to the upper Part of the 
Retina LG, cauſe the Appearance of the lower Rays 
CN; wherefore if an opake Body OP be put between 
the Eye and upper Part of the Flame, we ſhall ceaſe 
to ſee the lower Rays, and continue to ſee the upper 
ones, becauſe they are ſeen by Means of the Rays 
CH, which come from the Bottom of the Flame, and 
which are not intercepted, And all the Difference that 
we ſhall find in theſe upper Rays, is this; that where- 
as before they ſeemed to be in BM, they will now 
ſeem to be on this Side the opake Body OP. But 
when the Eye is opened as uſual, that is, when the Eye- 
lids come no nearer than S and T, we ought not to 
ſee theſe Rays of Light ; becauſe the Rays which fall 
upon thoſe Places which we now compared to Looking- 
Glaſſes, enter but a little way into the aqueous Humour 
at furtheſt, and are hindred from going any ſurther by 
the Uveous Tumck. | 

2. I hence is it that when a Fire-brand is turned round, 2. Of aFire- 
we ſee a Circle of Fire through which it paſſed ? The Rea- 1 are turned 
ſon of this, is, becauſe the Fire-brand makes a circular 
Impreſſion upon the Retina, and the Motion of it being 
very quick, ſome of the Impreſſion made at firſt remains 
till it returns again. 

3. From this Phænomenon we may draw this Conclu- 3 74e th: 
ſon, that though Viſion is made in an Inſtant, it does 3 , See- 
however continue ſome ſhort Space of Time. 2 e 

4. A hence is it that a Cannon ball, or any other black + Wiy we 
Body, paſſing very quick before a white Wall, cannot be ke ſom ws * ag 
perceived at all? The Reaſon is, becauſe a black Bo- ai which 
dy making no Impreſſion upon the Eye; the Ball in- mw very 
terrupts the Rays of Light reflected from the Wall, ſo?“ 
very little, that the Motion which theſe Rays excited 
N the Eye juſt before, is continued in it for ſo ſhort a 

ime, 


5. I/hy 


232 
5. Why ſome 


ſee Object. 
diſtinctly, at 


fance only, 


7 for a long Time. 
3 before. 
4 * 6. Of Vifien 
1 each other's Actions (2). 


1) Becauſe they are ſo accuftom- 
ed, &c,) This often happens to ſome 
particular Sort of Workmen, as En- 
gravers, ©c, and ought to be looked 
upon as a particular Sort of Diſtem- 

CI. 

(2) It may alſo here be enquired; 
Why a very ſmall opake Body ſuſ- 
pended in the Middle of an Hole be- 
exveen the Eye and a great many 
Lights, is multiflied ſo as to be 
ſeen before every Lig bt? The Rea. 
fon is, becauſe the Rays croſs one 
another in that Hole, and are in- 
tercepted by the ſmall opake Bo- 
dy» Let us imagine 
GHILN to be the Eye, 
PEDEFQ the ſmall Hole 
in the Paper, HD the ſmzl] opake 
Body ſuſpended in the Middle of 
the Hole; and A, B, C, three Can- 
dles, This being ſuppoſed, the Bo- 
dy HD will intercept the Ray 
BO; then the Shadow of that Bo- 
dy will fall on O, and therefore 
the Body it ſelf will be ſeen in B; 
fo likewiſe it will intercept the 


Ray AX; fo that its Shadow will 
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ROHAU LTS SysTEM 
5. Why do ſome Perſons ſee diſtincily at a certain Di- 


eg 4 flance only, and ſee confuſedly at a greater or leſſer Di- 
france ? It is (1) becauſe they are ſo accuſtomed to look 
a certainDi- at that Diſtance, that the Muſcles by which the Figure 
of the Eye is altered, are grown ſtiff, and uncapable 
of performing their Office ; in the ſame Manner as the 
other Muſcles of the Body are uncapable of moving 
the Members of it, if they have not been exerciſed 
To which we may add; that the 
Tunicks which contain the three Humours of the Eye, 
are ſo hardened, that they will not ſo eaſily yield as 


Part J. 


6. M hence is it that an Object which appears confuſed, 
bre a Hole tuhen we look at it too near, may be ſeen very diſtinetly at 
— fame Diſtance through a Hole made with a Needle in 
a fine Card, or a Piece of Paper? The Reaſon is, be- 
cauſe the Eye then receiving a leſs Quantity of Rays 
from every Point of the Object, each of them paints its 
Image but upon a very ſmall Space, ſo that they which 
come from two neighbouring Points, do not confound 


7. I hence 


fall upon X, and therefore it will 
be ſcen in A. Laſtly, it will al- 
ſo intercept the Ray CY, whoſe 
Shadow will fall on Y, and there- 
fore it will be ſeen in C, Neither 
is it neceſſary that an opake Body 
ſhould be ſuſpended in a Hole at 
all: For fince the Rays that come 
from a great many lucid Bodies, 
croſs one another in the Tunica 
Cornea, if you fix your Eyes upon 
a Fire of burning Coals, and put 
a very ſlender Iron- rod cloſe to your 
Eye, it will be greatly multiplied, 
and ſeen as it were before every 
Coal. | 

Seconely, Why an Object is ſeen 
doutle when locked at with one Eye 
through two Holes made in a Pa- 
per cloſe to each other ? In order 
to account for this Effect, it is to 
be cb{erved, that the Objects are 
never ſeen double, but when all 
the Rays of the ſame Pencil, meet 
together before they come to the 
Bottom of the Eye, or after they 
are pailed beyond it. In order to 
have thete Rays meet together be- 
fore 
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7. Whence is it that thoſe who have been couched for 
Cataradts, can fee but confuſedly afterwards, and why do 
they want very large convex Glaſſes in order to ſee di- of Cataract 
ftinttly ? Before we reſolve this Queſtion, it is to be ob- 
ſerved, that a Cataract is not a Pearly Subſtance form- 
ed between the Aqueous and Chryſtalline Humours, as 
has been long imagined, but is an Alteration made in 
the Chryſtalline Humour it ſelf, which has thereby in- 
tirely loft its T ranſparency and is become opake, if not 
through the whole Subſtance of it, yet at leaſt in ſome 
Part of it; which may very eaſily be, for this Humour 
is compoſed of a great many Membranes one upon ano- 
ther, which become viſible when it is boiled. Whence 


fore they arrive at the 
Bottom of the Eye, let 
us ſuppoſe CDE to be 
the Pupil of a young deep Eye, the 
middle Part of which D is covered 
by the ſmall Interſtice between the 
Holes of the Paper ; and let OQNPR 
be the Bottom of the Eye. Now 
becauſe this opake Body intercepts a 
great many of the Rays, and for 
that Reaſon makes all the Pencils 
hollow, that is, without any Rays 
in the Middle of them ; it is evi- 
dent that the Point A is ſeen in 
the Place marked 2 by the extreme 
Rays HR, and a few others near 
them, and in the Place marked 3 
by the R-ys H, HN, whereas, 
otherwiſe it would have been ſeen 
only confuſedly in A by the mid. 
dle Rays P, and thoſe which ſur- 
round them. And becauſe the ſame 
Thiog happens in every other Point 
of the Arrow, it ſhows that it 
ought ſo to appear double, that 
when the right Hole DE of the o- 
pake Body which covers the Pupil 
is ſtopped, the left Image OQ, and 
the Arrow on the right Side diſ- 
appear; and it the left Hole be ſtop- 
ped, the right Image and left Ar- 
row diſappear. But if on the other 
Hand, we ſuppoſe the Eye to be old 
and flat, fo that the Bottom of it is 
not OQNPR, but very near GYH, 
and that the Rays of every Pencil 
arrive at the Bottom of the Eye be. 
fore they are collected into a Point, 


Tab. X. 


the Arrow will be ſeen double again, 
but ſo that the Images of it upon 
ſtopping the Holes by Turns, will 
diſappear in the contrary Manner to 
what they did before. Further, by 
the ſame Argument we may collect, 
that if there be a great many Holes 
inſtead of Two, there ought to be 
a great many Images of the Object 
ſeen. Laſtly, Why the Body which 
appears double in this Manner, ap 
pears to be edged with Colours alſo, 
may be ſeen in the Notes on Chap, 
xxvii. Art, 65. tiwwards the End. 
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7. Why they 


who babe 
been couched 


want large 


magnifying « 
Glaſſes. 


Thirdly, Why, if there be tao Tab, XVIII. 


Candles A and B fo placed, that 
through the Hole &, only the Candle 
A can be ſeen with the right Eye 
F, and only the Candle B with the 
lift Eye D; when bath the Eyes are 


open to e ber, is there one Candle only 


ſeen, as if it were in H; but the 
Candles muff be bath of the ſame 
Heighth, and at the ſame Time no 
pale Bodies maft be ſeen with which 
the true Places of the Candles A and 
B may be compared The Reaſon 
herect, is, That becauſe one Candle 
only can be ſeen by each Eye ; and 
one Eye only makes a very bad 
Judgement of the true Diſtance of 
Objects; each of theſe Candles are 
theretore ſeen nearer than it really 
is, the one in the Line AF, and 
the other in the Line BD, and there- 
fore they ſeera both to unite in the 
common Place H as if they were 
but one, 


it 


Fig. 4+ 


— 
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it follows, that when the Cataract is taken away, the 
whole Chryſtalline Humour is taken away, or at leaſt, 
is made flatter or leſs convex than it was before: Now 
if this Humour be leſs convex than it was before, the 
Rays which the Eye receives from every Point of the 
Object will not be ſo much retracted, or will not incline 
fo much to each other, as to be able to unite together 
when they come at the Retina ; and this muſt make the 
Viſion confuſed. But this may be remedied by the Help 
of a very convex Glaſs, which makes the Rays that were 
before diverging, become converging when they enter in- 
to the Eye. 
3. Wey u 8. Why do Divers, when they are under Water ſee all 
2 1 wy Things confuſedly, unleſs they make uſe of very convex 
De ack Glaſſes ® The Reaſon is, becauſe the Rays of Light 
Water. which come to them from the Object, are very little 
refracted in paſſing out of Water into the Aqueous Hu- 


- _ mour of the Eye, ſo that thoſe Rays which come from 
— the ſame Point, are not united together when they fall 
—_ upon the Retina; and this is remedied by very convex 
—_— Þ Glaſſes. 


9. Why if 9. Laſth, Whence is it, that if we ſhut one Eye, and 
— took in- Took intently with the other, upon a ſmall Object which is 
ently with . 
one Eye upon at fix Foot Diſtance ſuppoſe ; we tannot at the ſame Time 
5 @ ſmall Ob- ſee another ſmall Object, which is at a little more than 
TY [ — 2 half a Foot Diſtance from it ; though we can ſee it, if it 
58 eber ſmall be a little nearer, or a little further ? The Reaſon 
Obje# is, becauſe when this other ſmall Object is at the Place 
— i, Where it cannot be ſeen, it impreſſes the Image exactly 
on that Part of the Bottom of the Eye where the Op- 
tic, Nerve enters in, and where the Separation of the 
Capillaments of this Nerve is made, in order to ſpread 
themſelves every Way, and cover the Bottom of the 
_ Eye; ſo that this Image has no Effect, becauſe it does 
—_ not fall upon the Extremities of the Capillaments of the 
_ Optick Nerve, which is neceſſary in order to Sight, as 
has been before explained. 
10. That ie IO. There are innumerable other Queſtions upon this 
is ſometimes Subject, that might be asked; but they who rightly 
_— 33 underſtand the Nature of Viſion, will find it no great 
-_ Pains Difficulty to reſolve themſelves, and the Pains which 
_— rw out the they take in finding out the Solution of them, will 
_—_— 8 make them have a clearer Notion of them, and render 
them more familiar: And as to thoſe who are unca- 
pable 
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pable of underſtanding them, or who will not be at any 
Pains; it is to no purpoſe to attempt to ſatisfy them, 
explaining a great Number of Queſtions. Wherefore 
ſhall here conclude this firſt Part; which is ſufficient to 
content all reaſonable Perſons, and to open the Minds of 
ſuch, that they may for the future proceed in a right 
Method of Ae the Truth, and avoiding Error, 
which are the Two Things we ought principally to have 
in View in all humane Sciences. For the E eſs and 
Improvement of Reaſon, together with ſuch a Freedom 
and Openeſs of Mind, as may render it capable of judging 
ſincerely and impartially, and of clearing it ſelf of all 
Difficulties, are incomparably more to be valued than 
the Knowledge of all the Sciences in the World. 


The End of the Firſt Part. 
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